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This dissertation describes the development of four metal-catalyzed carbon-carbon 
bond forming methods. The first project presented is a palladium-catalyzed proparyl-
allyl cross-coupling which proceeds via a kinetic resolution to give enantioenriched 
1,5-enynes. Next the asymmetric rhodium-catalyzed hydroformylation of 1-alkenes 
is described. This reaction delivers synthetically useful a-chiral aldehydes in up to 
98:2 er and up to 15:1 branched to linear ratio. The development of a unique nickel-
catalyzed asymmetric Kumada coupling of cyclic sulfates is presented. Mechanistic 
studies reveal the reaction proceeds via an SN2 oxidative addition of a chiral nickel 
complex. Finally, a-Substituted allyl bis(boronic) esters, which are derived from 1,2- 
diboration of 1,3-dienes are shown to undergo allylation and subsequent Suzuki 
coupling with aldehydes tethered to sp2 electrophiles. The carbocycle products 
obtained bear three contiguous stereocenters and were used as intermediates in the 
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can	 be	 functionalized	 selectively	 to	 build	 complexity	 in	 natural	 product	 syntheses.	
Recently,	 we	 have	 demonstrated	 that	 optically	 enriched	 1,5-enynes	 can	 be	 accessed	
through	 a	 stereospecific	 Pd-catalyzed	 allyl-propargyl	 cross	 coupling	 reaction	with	 high	














	 Metal-catalyzed	 cycloisomerizations	 of	 acyclic	 enynes	 has	 become	 a	 useful	
method	 to	quickly	build	up	complexity	 in	natural	product	 syntheses	due	 the	 reactions	
high	atom	economy.2	Since	the	discovery	of	the	catalytic	Alder-ene	reaction	in	1984	(1.1	
->	 1.2),	 several	 different	 metal	 catalyzed	 cycloisomerizations	 have	 been	 discovered	
(Scheme	1.1).3	A	majority	of	these	strategies	are	limited	to	the	reaction	of	1,7-	and	1,6-












































	 Two	 years	 later,	 while	 searching	 for	 a	 catalytic	 strategy	 to	 achieve	 the	 above	
transformation,	 the	 group	 discovered	 a	 novel	 cycloisomerization	 using	 gold	 catalysts	
(Scheme	 1.3,	 eq.	 1).5	With	 catalytic	 amounts	 of	 AuCl,	 siloxy	 eynes	 1.13	 are	 smoothly	
converted	into	substituted	cyclohexadienes	1.14.	After	some	mechanistic	investigation,	it	
was	determined	that	 the	reaction	proceeds	through	a	series	of	unique	1,2-alkyl	shifts.	
Later,	 the	 Kozmin	 group	 found	 that	 a	 platinum	 catalyst	 was	 required	 to	 perform	 the	
cycloisomerization	on	aryl	alkynes	1.15.	It	is	also	noteworthy	that	the	cycloisomerization	


































In	 2009,	 Nishibayashi	 and	 co-workers	 utilized	 methanethiolate	 bridged	
diruthenium	 complex	 1.20	 to	 achieve	 a	 similar	 transformation	 of	 1,5-enynes	 to	

































1.20  (5 mol%)
NH4BF4 (10 mol%)


































































Due	 to	 the	 diversity	 of	 products	 one	 can	 obtain	 from	 1,5-enynes,	 catalytic	
enantioselective	methods	to	synthesize	these	scaffolds	are	important.	At	the	beginning	
of	 our	 efforts	 towards	 developing	 a	 facile	 route	 to	 enantioenriched	1,5-enynes,	 there	
were	no	general	ways	to	synthesize	these	scaffolds	with	high	optical	purity.	However,	in	
2015	 after	 our	 studies,	 in	 efforts	 to	 further	 expand	 the	 scope	 of	 copper-catalyzed	


















situ	 generated	 chiral	 copper-NHC	 complex	 (CuCl	 +	 1.31),	 addition	 of	
trimethylsilylsubstituted	propargylboron	1.30	 to	 allylic	 phosphates	proceeds	with	high	
regio-	and	enantioselectivies	(Scheme	1.7,	eq.	1).	Previously,	Hoveyda	and	co-workers	had	
developed	a	related	enantioselective	addition	of	allenylB(pin)	1.34	to	allylic	phosphates	






















first	 example	 of	 this	 strategy	 was	 presented	 by	 Hayashi	 and	 co-workers	 in	 1987.12	









































































have	 also	 demonstrated	 this	 phenomenon;	 in	 their	 rhenium	 catalyzed	 allylation	 or	
alkynlation	 of	 propargyl	 alcohols	 (Scheme	 1.9,	 eq.	 2).	 Reaction	 of	 enantioenriched	
propargyl	alcohol	1.41	with	trimethyl(phenethynyl)silane	1.43	in	the	presence	of	rhenium	











































































	 The	 synthesis	 of	 1,5-enynes	 through	 nucleophilic	 propargylic	 substitution	with	
allyl	nucleophiles	in	the	presence	of	catalytic	or	stoichiometric	Lewis	acids	is	a	simple	high	
yielding	 route	 to	 the	 desired	 1,5-enynes.	 However,	 due	 to	 the	 intermediacy	 of	
carbocation	species	during	the	mechanism,	an	enantioselective	propargylic	substitution	
has	not	been	developed.	Our	group	has	recently	demonstrated	that	enantioenriched	1,5-


































thf, 60°C, 14 h R
13 examples










		 This	 reaction	proceeds	by	palladium	undergoing	 a	 stereospecific	 SN2´	oxidative	
addition	 with	 enantioenriched	 propargyl	 electrophiles	 1.49	 to	 give	 configurationally	
stable	 h1-(allenyl)palladium	 intermediate	 1.51,	 which	 can	 isomerize	 to	 h1-
(propargyl)palladium	1.52	 (Scheme	1.12,	eq.	1)).19	After	 transmetalation	of	allyl	B(pin)	
1.50	 	a	3,3’	 reductive	elimination	 from	1.53	 furnishes	 the	desired	1,5-enyne	with	high	
regioselectivity,	 yield	 and	 near-perfect	 conservation	 of	 enantiopurity.20	 h1-
(Allenyl)palladium	 intermediate	1.51	 is	more	 stable	 than	1.52,	 due	 to	 increased	 steric	
interactions	between	the	palladium	and	R	group	on	the	electrophile	in	1.52.	Also,	because	
the	 carbon-palladium	 bond	 at	 the	 sp2	 hybridized	 bond	 is	 stronger.	 The	 utility	 of	 this	
















































































we	 could	 further	 optimize	 these	 conditions	 to	 allow	 for	 a	 kinetic	 resolution.22	














































treating	 propargyl	 acetate	 1.58	 with	 0.5	 equivalents	 of	 allylB(pin)	 1.50	 under	 the	
previously	optimized	conditions	for	the	stereospecific	propargyl-allyl	cross-coupling	with	
L1.2.	We	were	pleased	to	see	that	the	reaction	gave	a	moderate	resolution	to	the	desired	
1,5-enyne	1.59,	which	was	 isolated	 in	81:19	er,	 and	 the	 recovered	 the	acetate	 in	was	
obtained	9:91	er.	With	64%	conversion	of	starting	material,	a	selectivity	factor	of	6.5	was	
























reaction	 with	 propargyl	 acetate	 1.58	 (Table	 1.2).	 Previous	 studies	 have	 shown	 that	
bidentate	phosphine	ligands	with	smaller	biaryl	dihedral	angles	show	protrusion	of	the	






2).	We	 considered	 that	 perhaps	 oxidative	 addition	 or	 alkyne	 binding	 is	 the	 selectivity	










































	 We	 also	 predicted	 that	 the	 leaving	 group	 ability	 of	 the	 electrophile	 would	
influence	 the	 rate	 of	 oxidative	 addition,	 and	 if	 that	 is	 in	 fact	 the	 stereochemistry	






























(R)-L1.2 85:15 37:63 27 7.3
(S)-L1.1 29:71 73:27 52 3.8
(R)-L1.5 77:23 16:84 56 6.6
(R)-L1.3 70:30 17:83 63 4.2
(R)-L1.4 82:12 23:77 46 7.7
(R)-L1.7 60:40 39:61 52 1.9










aConversion calculated by the following equation; C = eeSM/(eeSM + eePR). 
Enantiomeric excesss determined by GC analysis on a chiral stationary phase.
ligand (2.5 mol%)




























































84:16 97:3 58 17.9
89:11 11:89 50 18.6
92:8 59:41 18 12.5
81:19 98:2 61 15.0
92:8 44:56 14 12.3
74:26 1:99 67 10.5










solvent, 60 °C, t
Pd2(dba)3 (1.25 mol%)
CsF (3 equiv)
aConversion calculated by the following equation; C = eeSM/(eeSM + eePR). Enantiomeric excesss determined 



































89:11 11:89 50 18.6
88:12 11:89 51 17.1
92:8 39:61 20 14.0
90:10 40:60 20 11.3
84:16 15:85 51CH2Cl2 10.8
66:34 20:80 65 3.4
aConversion calculated by the following equation; C = ee1.58/(ee1.58 + ee1.59). Enantiomeric 
excesss determined by GC analysis on a chiral stationary phase.
(R)-L1.6 (2.5 mol%)






the	 conversions	were	 calculated	 based	 on	 the	 enantioselectivities	 of	 the	 product	 and	







indicated	 a	 higher	 conversion	 than	 was	 determined	 than	 with	 the	 Kagan	 equation.	
Throughout	our	investigation,	our	method	to	determine	conversion	led	to	artificially	high	
































	Efforts	 were	 next	 expanded	 to	 find	 a	 more	 reliable	 catalyst	 system	 that	 could	
potentially	 lead	 to	 reproducible	 and	 accurate	 selectivity	 factors	 without	 byproduct	
formation.	 Pd2dba3	 is	 a	 common	 palladium(0)	 pre-catalyst,	 however;	 it	 has	 been	
documented	 that	 commercial	 sources	 contain	 small	 amounts	 of	 active	 catalyst,	 free	
dibenzylidenediacetone	(dba),	and	palladium	nanoparticles.29	It	is	known	that	also	known	
that	dba from	the	palladium	can	 inhibit	 reactions	and	 the	nanoparticles	 could	 lead	 to	
undesired	reactivity.30	We	predicted	that	a	different	palladium	pre-catalyst	could	lead	to	
a	cleaner	reaction	and	a	preformed	PdCl2/MFB	complex	1.67	was	prepared	to	test	this	
hypothesis.	 Gratifyingly,	 complex	 1.67	 lead	 to	 a	 cleaner	 reaction	 and	 more	 accurate	
calculated	selectivity	 factors	 (Scheme	1.16).	The	preformed	catalyst	also	allowed	 for	a	


















































entry substrate er Aa er Ba conv(%)b sAVGdt (h)no.
1 1 8 88:12 85:15 48 14.5
OAc






































































thf , 60 °C, 8 h
CsF (3 equiv)
a Enantiomer ratios were determined by GC or SFC analysis on chiral stationary phase. 


























2 2 86:14 22:78
52 11.52 85:15 13:87
2 1 2 82:18 73:27 41 7.1OAc
Cl
2 2 82:18 72:28
3 1 2 85:15 78:22 45 10.3OAc
H3C
2 2 88:12 72:28
OAc
H3CO
4 1 1 80:20 81:19 48 7.8
2 1 82:18 81:19
BocN
OAc5 1 1 76:24 21:79 53 5.0
2 1.5 68:32 88:12
6 1 2 84:16 75:25 42 9.4OAc
O
O
2 2 84:16 82:18 48
67
37
entry substrate er Aa er Ba conv(%)b sAVGdt (h)no.
a Enantiomer ratios were determined by GC or SFC analysis on chiral stationary phase. 

























	 To	 widen	 the	 scope	 of	 the	 reaction,	 methallylB(pin)	 1.80	 was	 used	 as	 the	











Throughout	 the	 optimization	 of	 the	 kinetic	 resolution,	 it	 was	 apparent	 that	
increasing	the	rate	of	the	oxidative	addition,	with	more	electron-rich	phosphine	or	better	
leaving	 groups	 led	 to	 decreased	 selectivity	 factors.	 This	 indicated	 that	 the	




































89:11 er 82:18 er
34% y



































































































the	 experimental	 values.	 These	 results	 provide	 additional	 evidence	 that	 the	









































































1.4.1.	 Introduction	 to	 Dynamic	 Kinetic	 Resolution	 and	 Application	 to	 1,5-Enyne	
Synthesis	
	

















	Some	 strategies	 for	 in	 situ	 equilibration	 can	 occur	 by	 several	 pathways:	 base	
catalyzed	 racemization	 via	 enolate	 formation	 reaction,	 through	 a	 planar	 sp2	
intermediate,	 Schiff	 base	 formation,	 formation	 of	 p-allyl	 intermediates	 or	 enzyme	
catalyzed	 racemization.33	 1,5-Enynes	 are	 commonly	 accessed	 by	 stoichiometric	 or	
catalytic	Lewis	acid	activated	allylations	of	propargyl	electrophiles	(vide	supra).2	These	
reactions	 are	 proposed	 to	 proceed	 through	 an	 achiral	 carbocation	 intermediate,	 and	
result	 in	 racemic	 product.	 Using	 the	 achiral	 carbocation	 intermediate	 as	 a	 way	 to	


























et	al.18,	 a	number	of	 commonly	used	Lewis	acid	activators	were	 tested	with	propargyl	
acetate	 1.74	 (Table	 1.7).	 The	 highest	 conversions	 were	 observed	 with	
























OAc rac-L1.1 (2.5 mol%)
thf, rt, 14 h
1.74














 The reaction was carried out using 0.10 mmol 1 and 1.2 equivalents 
of 1.50 in tetrahydrofuran (0.5M). Conversion calculated based on 












ligand solvent conversion (%)
ee (%)
 1.91
1.74: R = C(O)CH3 
1.92: R = C(O)CH2Cl
1.93: R = CO2Ph







1a (S)-L1.1 THF 39 14 14
1a (R)-L1.6 THF 70 20 96
1b (R)-L1.6 THF 100 8 --
1b (R)-L1.6 THF 57 6 36
5 1b (R)-L1.6 DCM 31 40 2
6 1c (R)-L1.6 DCM 100 84 --
7a 1c (R)-L1.6 DCM 46 80 6
+ B(pin)
Conversion calculated based on starting material using 1H-NMR. Enantiomeric 
excesss determined by GC analysis on a chiral stationary phase. a Reaction run 

















solvent, rt, 12 h1.50
37
	 Though	 the	 use	 of	 electrophile	 1.93	 lead	 to	 full	 consumption	 of	 the	 starting	
material,	 there	were	a	number	of	byproducts	 formed	and	the	desired	1,5-enyne	1.91	
was	 isolated	 in	 only	 45%	 yield	 (Scheme	 4,	 eq.	 1).	 Attempts	 to	 suppress	 byproduct	
formation	 with	 other	 carbonate	 derivatives,	 led	 to	 low	 reactivity	 or	 low	
enantioselectivites.	Furthermore,	aliphatic	substrates	proved	to	be	poor	substrates	due	










































allowed	 us	 to	 develop	 a	 kinetic	 resolution.	 During	 the	 development	 of	 this	 kinetic	
resolution,	small	byproduct	formation	and	non-reproducible	selectivity	factors	led	us	to	
investigate	pre-catalysts	other	 than	Pd2dba3.	 The	use	of	Pd(II)-ligand	complex	 (R)-1.67	
allowed	for	a	clean	reaction	and	significantly	decreased	catalyst	 loadings.	The	reaction	
could	 then	 be	 expanded	 to	 include	 aromatic	 and	 aliphatic	 electrophiles	 as	 well	 as	
methallyB(pin)	nucleophiles.	Mechanistic	experiments	support	oxidative	addition	as	the	
rate-	 and	 stereodefining	 step	 in	 the	 resolution.	 This	 development,	 at	 the	 time,	







































All	 reactions	 were	 conducted	 in	 oven-	 or	 flame-dried	 glassware	 under	 an	 inert	
atmosphere	of	nitrogen	or	argon.		Tetrahydrofuran	(THF),	dichloromethane	(DCM)	and	
toluene	(PhMe)	were	purified	using	a	Pure	Solv	MD-4	solvent	purification	system	from	
Innovative	 Technology	 Inc.	 by	 passing	 through	 two	 activated	 alumina	 columns	 after	
being	 purged	 with	 argon.	 	 Triethylamine	 was	 distilled	 from	 calcium	 hydride.		
Tris(dibenzylideneacetone)	 dipalladium(0)	 [Pd2(dba)3],	 bis(benzonitrile)palladium(II)	
chloride,	 1,2-bis(diphenylphosphino)benzene,	 (R)-(+)-2,2ʹ-bis(di-2-furanylphosphino)-
6,6ʹ-dimethoxy-1,1ʹ-biphenyl	 [(R)-MeO(furyl)BIPHEP],	 (S)-(+)-2,2ʹ-bis(di-2-
furanylphosphino)-6,6ʹ-dimethoxy-1,1ʹ-biphenyl	 [(S)-MeO(furyl)BIPHEP],,	 and	 (R,R)-(−)-
2,3-Bis(t-butylmethylphosphino)quinoxaline	 [(R,R)-QuinoxP*]	 were	 purchased	 from	
Strem	Chemicals,	Inc.		Allylboronic	acid	pinacol	ester	(allyl	Bpin)	was	generously	donated	
by	 Frontier	 Scientific.	 	 Bis(pinacolato)	 diboron	 [B2(pin)2]	 was	 generously	 donated	 by	















DCM, 0 oC to rt
41
a	magnetic	stir	bar	was	charged	with	dichloromethane	(20.0	mL),	1-octyn-3-ol	(500	mg,	
3.96	 mmol),	 and	 dimethylamino	 pyridine	 (catalytic)	 under	 nitrogen	 atmosphere.	 The	
solution	was	cooled	to	0	°C	and	triethylamine	(1.2	g,	11.9	mmol)	was	added,	followed	by	
dropwise	addition	of	acetic	anhydride	((484.9	mg,	4.7	mmol).	The	solution	was	gradually	
warmed	 to	 room	temperature	and	 	 stirred	 for	2	h.	 	 The	 reaction	was	concentrated	 in	











The	 solution	was	 then	cooled	 to	0	 °C	and	acetic	anhydride	 (432.2	mg,	4.2	mmol)	was	
added	dropwise.	The	solution	was	allowed	to	stir	for	20	minutes	at	0	°C	and	then	gradually	
warmed	 to	 room	 temperature	 followed	 by	 stirring	 for	 one	 hour.	 The	 reaction	 was	
																																																						
34	Ghosh, N.; Nayak, S.; Sahoo, A. J. Org. Chem. 2011, 76, 500. 
1)
MgBr
THF, 0 oC to rt





recooled	 to	 0	 °C	 and	 quenched	 with	 saturated	 aqueous	 ammonium	 chloride	 and	
extracted	three	times	with	diethyl	ether.	The	organic	layers	were	combined,	dried	over	







	1-(benzyloxy)but-3-yn-2-yl	 acetate	 (Compound	 1.68).	 From	
1-(benzyloxy)but-3-yn-2-ol,	 prepared	 as	 shown	 below	 from	
commercially	 available	 2-(benzyloxy)acetaldehyde,	








35	Detz, R.; Abiri, Z.; Griel, R.; Hiemstra, H.; Maarseveen, J. Chem. Eur. J. 2011, 21, 5921.	
O
MgBr














(Compound	 1.69).	 From	 3-((tert-
butyldiphenylsilyl)oxy)propanal,	 synthesized	 as	 shown	 below	
utilizing	 a	 two-step	 procedure	 from	 commercially	 available	 propane-1,3-diol,_	






(Compound	 1.70).	 From	 (E)-3,7-dimethylocta-2,6-dienal,	
synthesized	as	shown	below	from	commercially	available	
geraniol,	representative	procedure	B	was	followed	to	afford	a	clear,	colorless	oil	(821	mg,	










































1-phenylbut-3-yn-2-yl	 acetate	 (Compound	 1.71).	 	 From	 1-
phenylbut-3-yn-2-ol,	prepared	as	 shown	below	 from	commercially	







5-phenylpent-1-yn-3-yl	 acetate	 (Compound	 1.72).	 From	
commercially	 available	 hydrocinnamaldehyde,	 representative	
procedure	B	was	followed	to	afford	a	clear,	colorless	oil	(763	mg,	




available	 1-phenylprop-2-yn-1-ol,	 representative	 procedure	 A	 was	
followed	to	afford	a	clear,	colorless	oil	(938	mg,	>96%	yield).	Rf	=	0.39	















commercially	 available	 4-chlorobenzaldehyde,	 representative	
procedure	B	was	followed	to	afford	a	clear,	pale	yellow	oil	(574	mg,	
92%	 yield).	 Rf	 =	 0.32	 (10:1	 hexane:	 ethyl	 acetate,	 stain	 in	 PMA).	 Spectral	 data	 is	 in	
accordance	with	the	literature.35	
	






1-(4-methoxyphenyl)prop-2-yn-1-yl	 acetate	 (Compound	 1.77).	
From	 commercially	 available	 4-methoxybenzaldehyde,	
representative	 procedure	B	 was	 followed.	 The	 crude	 reaction	
mixture	 was	 purified	 on	 silica	 gel	 (10:1	 pentane:diethyl	 ether)	 to	 afford	 a	 clear,	 pale	














(Compound	 1.78).	 From	 tert-butyl	 3-formyl-1H-indole-1-

















































An	 oven-dried	 round-bottomed	 flask	 equipped	 with	 a	 magnetic	 stir	 bar	 was	




































































































Acq. Operator   : Meredith                     
Acq. Instrument : Instrument 3                    Location :   -
Injection Date  : 22-Oct-12, 14:28:17                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\HPCHEM\1\METHODS\JADF.M
Last changed    : 10/22/2012 2:22:22 PM by Meredith
                  (modified after loading)
Analysis Method : C:\HPCHEM\1\METHODS\SLEEP.M
Last changed    : 1/12/2013 10:31:59 AM by ying
                  (modified after loading)
Sample Info     : room325, inst3, CDB/DM,40 oC, for 30 min, 0.25 deg/min 
                  to 50 for 10min, 20 psi
                  
                  
                  
 
































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  52.910 MF    0.5569   92.63312    2.77246 49.75040




Instrument 3 1/12/2013 10:32:01 AM ying Page 1 of 2
=====================================================================
Acq. Operator   : Meredith                     
Acq. Instrument : Instrument 3                    Location :   -
Injection Date  : 23-Oct-12, 09:06:34                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\HPCHEM\1\METHODS\JADF.M
Last changed    : 10/23/2012 8:56:49 AM by Meredith
                  (modified after loading)
Analysis Method : C:\HPCHEM\1\METHODS\SLEEP.M
Last changed    : 1/12/2013 10:31:26 AM by ying
                  (modified after loading)
Sample Info     : room325, inst3, CDB/DM,40 oC, for 30 min, 0.25 deg/min 
                  to 50 for 10min, 20 psi
                  
                  
                
 

































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  52.611 MF    0.6246  283.73468    7.57123 87.73612




Instrument 3 1/12/2013 10:31:28 AM ying Page 1 of 2
=====================================================================
Acq. Operator   : Meredith                     
Acq. Instrument : Instrument 3                    Location :   -
Injection Date  : 23-Oct-12, 12:27:38                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\HPCHEM\1\METHODS\JADF.M
Last changed    : 10/23/2012 12:17:53 PM by Meredith
                  (modified after loading)
Analysis Method : C:\HPCHEM\1\METHODS\SLEEP.M
Last changed    : 1/12/2013 10:30:54 AM by ying
                  (modified after loading)
Sample Info     : room325, inst3, CDB/DM,40 oC, for 30 min, 0.25 deg/min 
                  to 50 for 10min, 20 psi
                  
             
                  
 































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  52.323 MF    0.7120  550.96057   12.89747 64.86439




Instrument 3 1/12/2013 10:30:56 AM ying Page 1 of 2
=====================================================================
Acq. Operator  : Meredith                    
Acq. Instrum nt : Instrument 3                    Location :   -
Injection Date  : 23-Oct-12, 09:06:34                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\HPCHEM\1\METHODS\JADF.M
Last changed    : 10/23/2012 8:56:49 AM by Meredith
                  (modified after loading)
Analysis Method : C:\HPCHEM\1\METHODS\SLEEP.M
Last changed    : 1/12/2013 10:31:26 AM by ying
                  (modified after loading)
Sample Info     : room325, inst3, CDB/DM,40 oC, for 30 min, 0.25 deg/min 
                  to 50 for 10min, 20 psi
                  
                  
                 
 

































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area     Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  52.611 MF    0.6246  283.73468    7.57123 87.73612
   2  55.248 FM    0.5893   39.66084    1.12167 12.26388
 
Data File C:\HPCHEM\1\DATA\MSE\2-096E-1.D
Sample Name: MSE-II- 6E





Pd2(dba)3 (1.25 mol %)
rac-BINAP (2.5 mol %)
CsF (3 equiv.)

























Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 3                    Location :   -
Injection Date  : 14-Jan-13, 09:40:25                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\HPCHEM\1\METHODS\JADF.M
Last changed    : 1/14/2013 9:32:54 AM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\HPCHEM\1\METHODS\SLEEP.M
Last changed    : 1/15/2013 5:27:00 PM by ying
                  (modified after loading)
Sample Info     : room325, inst3, CDB/DM, 40 deg C for 30 min, 0.25 deg/m
                  in to 50 dor 10 min , 15 psi,
                  
                  
                  
 
























                         Ar a Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1   1.610 BB S  0.0187 3.39529e5  2.36704e5  92.10473
   2   1.939 BB X  0.0289   86.98950   46.40181  0.02360
   3   2.166 BB    0.0292  361.30829  199.06042  0.09801
Data File C:\HPCHEM\1\DATA\MSE\MJA-II-051-ENYNE.D
Sample Name: MJA-III-051-enyne





Acq. Operator   : Meredith                     
Acq. Instrument : Instrument 3                    Location :   -
Injection Date  : 23-Oct-12, 09:06:34                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\HPCHEM\1\METHODS\JADF.M
Last changed    : 10/23/2012 8:56:49 AM by Meredith
                  (modified after loading)
Analysis Method : C:\HPCHEM\1\METHODS\SLEEP.M
Last changed    : 1/12/2013 10:31:26 AM by ying
                  (modified after loading)
Sample Info     : room325, inst3, CDB/DM,40 oC, for 30 min, 0.25 deg/min 
                  to 50 for 10min, 20 psi
                  
                  
                  
 

































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  52.611 MF    0.6246  283.73468    7.57123 87.73612




Instrument 3 1/12/2013 10:31:28 AM ying Page 1 of 2
52
												 	














Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 11-Aug-12, 10:09:19                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 8/9/2012 7:55:51 AM by Meredith Eno
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 1/12/2013 11:29:45 AM by Chris Schuster
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg C for 10 min, 5 deg C/min to 140 for 2
                  0 min. 20 psi, sr = 35:1
                  
 




















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-060START.D
Sample Name: MSE-II-060START
Instrument 1 1/12/2013 11:29:47 AM Chris Schuster Page 1 of 2
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 02-Oct-12, 08:07:48                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 8/9/2012 7:55:51 AM by Meredith Eno
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 1/12/2013 11:27:48 AM by Chris Schuster
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg for 10 min, 5 deg/min to 140 for 20 mi
                  n, 20 psi, sr = 35:1
                  
 






















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-096-ACETATE.D
Sample Name: MSE-II-096-acetate
Instrument 1 1/12/2013 11:27:50 AM Chris Schuster Page 1 of 2
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 22-Oct-12, 13:13:13                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 8/9/2012 7:55:51 AM by Meredith Eno
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 1/12/2013 11:29:08 AM by Chris Schuster
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg C for 10 min, 5 deg/min to 140, for 20
                   20 psi, sr = 35:1
                  
 




















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-096-AC-SPIKE.D
Sample Name: MSE-II-096-Ac-spike
Instrument 1 1/12/2013 11:29:09 AM Chris Schuster Page 1 of 2
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  23.118 BB    0.0346  168.23032   62.15095 23.41013
   2  23.463 BB    0.0412  550.39166  166.93874 76.58987
 




                          *** End of Report ***
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-096-ACETATE.D
Sample Name: MSE-II-096-acetate





























to	 racemic	 product.	 	 The	 absolute	 stereochemistry	was	 assigned	 by	 analogy	 to	 (R)-4-
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 02-Oct-12, 08:07:48                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 8/9/2012 7:55:51 AM by Meredith Eno
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 1/12/2013 11:27:48 AM by Chris Schuster
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg for 10 min, 5 deg/min to 140 for 20 mi
                  n, 20 psi, sr = 35:1
                  
 






















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-096-ACETATE.D
Sample Name: MSE-II-096-acetate
Instrument 1 1/12/2013 11:27:50 AM Chris Schuster Page 1 of 2
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 29-Sep-12, 14:14:07                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 9/29/2012 2:12:07 PM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 1/12/2013 11:30:32 AM by Chris Schuster
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg for 10 min, 5 deg/min to 140 for 20 mi
                  n, 20 psi, sr = 35:1
                  
 



















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-105-ACETATE.D
Sample Name: MSE-II-105-enriched-acetate














	(R)-1-(benzyloxy)but-3-yn-2-yl	 acetate	 (Table	 1.5,	 Entry	 2	 B).	
The	 crude	 reaction	 mixture	 was	 purified	 on	 silica	 gel	 (10:1	

























Acq. Operator   : Mike Ardolino                
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 17-Oct-12, 18:27:49                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MIKE ARDOLINO\BETA-DEX.M
Last changed    : 10/17/2012 6:23:37 PM by Mike Ardolino
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\MIKE ARDOLINO\CD-GTA.M
Last changed    : 10/21/2012 1:53:28 PM by Mike Ardolino
                  (modified after loading)
Sample Info     : Beta-Dex, 60 deg for 10 min, 5 deg/min to 160, 20 min ,
                   20 psi, sr = 35:1
                  
 

































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-IV-233RAC.D
Sample Name: MJA-IV-233rac
Instrument 1 10/21/2012 1:53:31 PM Mike Ardolino Page 1 of 2
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 30-Sep-12, 10:43:40                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MIKE ARDOLINO\BETA-DEX.M
Last changed    : 9/30/2012 10:42:11 AM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\MIKE ARDOLINO\CD-GTA.M
Last changed    : 10/21/2012 1:54:05 PM by Mike Ardolino
                  (modified after loading)
Sample Info     : Beta-Dex, 60 deg for 10 min, 5 deg/min to 160 for 20 mi
                  n, 20 psi, sr = 35:1
                  
 

































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-9OAC.D
Sample Name: MJA-V-9oAc
Instrument 1 10/21/2012 1:54:07 PM Mike Ardolino Page 1 of 2
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  45.433 MM    0.1399  220.35901   26.25463 25.63870
   2  45.935 MM    0.1506  639.11896   70.73759 74.36130
 




                          *** End of Report ***
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-9OAC.D
Sample Name: MJA-V-9oAc
Instrument 1 10/21/2012 1:54:07 PM Mike Ardolino Page 2 of 2
=====================================================================
Acq. Operator   : Mike Ardolino                
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 17-Oct-12, 19:27:59                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MIKE ARDOLINO\BETA-DEX.M
Last changed    : 10/17/2012 7:22:53 PM by Mike Ardolino
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\MIKE ARDOLINO\CD-GTA.M
Last changed    : 10/21/2012 1:54:40 PM by Mike Ardolino
                  (modified after loading)
Sample Info     : Beta-Dex, 60 deg for 10 min, 5 deg/min to 160, 20 min ,
                   20 psi, sr = 35:1
                  
 


































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-9OACSPIKE.D
Sample Name: MJA-V-25oAcspike
Instrument 1 10/21/2012 1:54:43 PM Mike Ardolino Page 1 of 2
56
		Kinetic	 resolution	 to	 give	 (S)-tert-butyl((3-ethynylhex-5-en-1-yl)oxy)diphenylsilane	
(Table	 1.5,	 Entry	 3):	 The	 representative	 procedure	 was	 followed	 with	 5-((tert-





on	 silica	 gel	 (10:1	 pentane:diethyl	 ether)	 to	 afford	 a	 clear,	










on	 silica	 gel	 (10:1	 pentane:diethyl	 ether)	 to	 afford	 a	 clear,	





































































Acq. Operator   : Mike Ardolino                
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 10-Oct-12, 09:02:58                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MIKE ARDOLINO\BETA-DEX.M
Last changed    : 10/10/2012 8:57:26 AM by Mike Ardolino
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\MIKE ARDOLINO\CD-GTA.M
Last changed    : 10/21/2012 11:38:32 AM by Mike Ardolino
                  (modified after loading)
Sample Info     : Beta-Dex, 60 deg for 10 min, 1 deg/min to 140 for 40 mi
                  n, post run 180 for 5 min, 20 psi, sr = 35:1
                  
 






























                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-III-111RAC2.D
Sample Name: MJA-III-111rac2
Instrument 1 10/21/2012 11:38:34 AM Mike Ardolino Page 1 of 2
=====================================================================
Acq. Operator   : Mike Ardolino                
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 12-Oct-12, 11:50:54                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MIKE ARDOLINO\BETA-DEX.M
Last changed    : 10/12/2012 11:49:22 AM by Mike Ardolino
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\MIKE ARDOLINO\CD-GTA.M
Last changed    : 10/21/2012 11:38:58 AM by Mike Ardolino
                  (modified after loading)
Sample Info     : Beta-Dex, 60 deg for 10 min, 1 deg/min to 140 for 40 mi
                  n, post run 180 for 5 min, 20 psi, sr = 35:1
                  
 
































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-33PDT.D
Sample Name: MJA-V-33pdt
Instrument 1 10/21/2012 11:38:59 AM Mike Ardolino Page 1 of 2
=====================================================================
Acq. Operator   : Mike Ardolino                
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 19-Oct-12, 09:09:55                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MIKE ARDOLINO\BETA-DEX.M
Last changed    : 10/19/2012 9:08:29 AM by Mike Ardolino
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\MIKE ARDOLINO\CD-GTA.M
Last changed    : 10/21/2012 11:39:23 AM by Mike Ardolino
                  (modified after loading)
Sample Info     : Beta-Dex, 60 deg for 10 min, 1 deg/min to 140, 10 min ,
          20 psi, sr = 35:1
                  
 





























                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-33PDTSPIKE.D
Sample Name: MJA-V-33pdtspike
Instrument 1 10/21/2012 11:39:25 AM Mike Ardolino Page 1 of 2
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  69.048 MM    0.1661  621.52887   62.35764 81.76338
   2  69.580 MM    0.1646  138.62669   14.03614 18.23662
 




                          *** End of Report ***
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-33PDT.D
Sample Name: MJA-V-33pdt






















Acq. Operator   : Mike Ardolino                
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 19-Oct-12, 11:01:29                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MIKE ARDOLINO\BETA-DEX.M
Last changed    : 10/19/2012 11:00:04 AM by Mike Ardolino
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\MIKE ARDOLINO\CD-GTA.M
Last changed    : 10/21/2012 11:34:04 AM by Mike Ardolino
                  (modified after loading)
Sample Info     : Beta-Dex, 80 deg for 10 min, 1 deg/min to 160, 10 min ,
                   20 psi, sr = 35:1
                  
 






























                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-JMT58RAC.D
Sample Name: MJA-V-JMT58rac
Instrument 1 10/21/2012 11:34:16 AM Mike Ardolino Page 1 of 2
=====================================================================
Acq. Operator   : Mike Ardolino                
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 12-Oct-12, 16:51:42                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MIKE ARDOLINO\BETA-DEX.M
Last changed    : 10/12/2012 4:49:46 PM by Mike Ardolino
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\MIKE ARDOLINO\CD-GTA.M
Last changed    : 10/21/2012 11:34:53 AM by Mike Ardolino
                  (modified after loading)
Sample Info     : Beta-Dex, 80 deg for 10 min, 1 deg/min to 160 for 20 mi
                  n, post run 180 for 5 min, 20 psi, sr = 35:1
                  
 

































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-33OAC.D
Sample Name: MJA-V-33oac
Instrument 1 10/21/2012 11:35:05 AM Mike Ardolino Page 1 of 2
=====================================================================
Acq. Operator   : Mike Ardolino                
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 19-Oct-12, 12:47:02                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MIKE ARDOLINO\BETA-DEX.M
Last changed    : 10/19/2012 12:39:44 PM by Mike Ardolino
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\MIKE ARDOLINO\CD-GTA.M
Last changed    : 10/21/2012 11:35:31 AM by Mike Ardolino
                  (modified after loading)
Sample Info     : Beta-Dex, 80 deg for 10 min, 1 deg/min to 160, 10 min ,
                   20 psi, sr = 35:1
                  
 
































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-33OACSPIKE.D
Sample Name: MJA-V-33oAcspike
Instrument 1 10/21/2012 11:35:33 AM Mike Ardolino Page 1 of 2
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  67.372 MF    0.1552  106.36320   11.42260 22.62488
   2  67.737 FM    0.1532  363.75287   39.56961 77.37512
 




                          *** End of Report ***
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-33OAC.D
Sample Name: MJA-V-33oac
Instrument 1 10/21/2012 11:35:05 AM Mike Ardolino Page 2 of 2
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		 	 	 Racemic	Sample	 	 	 	 																	Enantioenriched	Sample	
	
=====================================================================
Acq. Operator   : MEREDITH ENO                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 05-Jul-12, 15:17:44                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 7/5/2012 3:42:33 PM by MEREDITH ENO
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/19/2012 5:47:56 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 100 deg C for 10 min, 3 deg/min to 150 for 10
                   min, 20 psi, sr = 35:1
                  
 


































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-I-303D-RAC.D
Sample Name: MSE-I-303D-RAC
Instrument 1 11/19/2012 5:48:06 PM Ryan Coombs Page 1 of 2
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 04-Oct-12, 15:56:11                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/4/2012 3:57:01 PM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/19/2012 5:46:12 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 100 deg for 10 min, 3 deg/min to 160, 20 psi,
                   sr = 35:1
                  
 






















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-108-AC.D
Sample Name: MSE-II-108Ac











representative	 procedure	 was	 followed	 with	 5-phenylpent-1-yn-3-yl	 acetate	 on	 a	 0.2	
mmol	scale.	
	
		(R)-(3-ethynylhex-5-en-1-yl)benzene	 (Table	 1.5,	 Entry	 6A).	 The	
crude	reaction	mixture	was	purified	on	silica	gel	(pentane)	to	afford	









Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 20-Oct-12, 09:37:45                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/20/2012 9:36:07 AM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/19/2012 5:47:07 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 100 deg for 10 min, 3 deg/min to 160, 20 psi,
                   sr = 35:1
                  
 



















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-108-AC-SPIKE.D
Sample Name: MSE-II-108-Ac-Spike
Instrument 1 11/19/2012 5:47:09 PM Ryan Coombs Page 1 of 2
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  28.392 BB    0.0471  436.78180  114.99051 38.95276
   2  28.718 BB    0.0499  684.52972  166.75691 61.04724
 




                          *** End of Report ***
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-108-AC.D
Sample Name: MSE-II-108Ac
Instrument 1 11/19/2012 5:46:36 PM Ryan Coombs Page 2 of 2
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	(S)-5-phenylpent-1-yn-3-yl	acetate	(Table	1.5,	Entry	6B).	The	crude	














														 Racemic	Sample	 	 	 	 																	Enantioenriched	Sample	
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 07-Oct-12, 11:00:08                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/7/2012 10:56:45 AM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/19/2012 5:42:43 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg for 10 min, 4 deg/min to 160, for 20 m
                  in, 20 psi, sr = 35:1
                  
 






















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-069-RAC.D
Sample Name: MSE-II-069-RAC
Instrument 1 11/19/2012 5:42:45 PM Ryan Coombs Page 1 of 2
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 19-Oct-12, 14:29:45                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/19/2012 2:27:13 PM by Mike Ardolino
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/19/2012 5:41:20 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg for 10 min, 4 deg/min to 160, 20 min ,
                   20 psi, sr = 35:1
                  
 


















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-123AC.D
Sample Name: MSE-II-123-AC









Kinetic	 resolution	 to	 give	 (S)-hex-5-en-1-yn-3-ylcyclohexane	 (Table	 1.5,	 Entry	 7):	 The	
representative	procedure	was	followed	with	1-cyclohexylprop-2-yn-1-yl	acetate	on	a	0.2	
mmol	scale.	
		(S)-hex-5-en-1-yn-3-ylcyclohexane	 (Table	 1.5,	 Entry	 7A).	 The	 crude	
reaction	mixture	was	purified	on	silica	gel	 (pentane)	 to	afford	a	clear,	











Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 19-Oct-12, 15:44:13                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/19/2012 3:33:14 PM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/19/2012 5:42:04 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg for 10 min, 4 deg/min to 160, 20 min ,
                   20 psi, sr = 35:1
                  
 




















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-123AC-SPIKE.D
Sample Name: MSE-II-123-AC-SPIKE
Instrument 1 11/19/2012 5:42:07 PM Ryan Coombs Page 1 of 2
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  41.184 BB    0.0661   60.81909   11.52059 16.33605
   2  41.512 BB    0.0657  311.48068   56.19104 83.66395
 




                          *** End of Report ***
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-123AC.D
Sample Name: MSE-II-123-AC


















Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 23-Oct-12, 12:23:28                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/23/2012 12:19:42 PM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\MIKE ARDOLINO\CD-GTA.M
Last changed    : 10/24/2012 5:40:40 PM by Mike Ardolino
                  (modified after loading)
Sample Info     : Beta-Dex, 60 deg C for 10 min, 1 deg/min to 140, for 10
                  , 20 psi, sr = 35:1
                  
 































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-127-RAC.D
Sample Name: MSE-II-127-RAC
Instrument 1 10/24/2012 5:40:46 PM Mike Ardolino Page 1 of 2
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 23-Oct-12, 13:52:34                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/23/2012 1:32:01 PM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/15/2012 2:26:36 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg C for 10 min, 1 deg/min to 140, for 10
                  , 20 psi, sr = 35:1
                  
 































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-103E-2.D
Sample Name: MSE-II-103E-2
Instrument 1 11/15/2012 2:26:49 PM Ryan Coombs Page 1 of 2
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 23-Oct-12, 15:22:32                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/23/2012 3:19:24 PM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/15/2012 2:26:3  PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg C for 10 min, 1 deg/min to 140, for 10
                  , 20 psi, sr = 35:1
                  
 

































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-103E-SPIKE.D
Sample Name: MSE-II-103E-spike
Instrument 1 11/15/2012 2:27:37 PM Ryan Coombs Page 1 of 2
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  50.703 MF    0.1627  109.49494   11.21545 89.98819
   2  51.186 FM    0.1586   12.18208    1.28046 10.01181
 




                          *** End of Report ***
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-103E-2.D
Sample Name: MSE-II-103E-2




















Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 19-Nov-12, 16:42:11                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 11/19/2012 4:40:31 PM by Ryan Coombs
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/19/2012 5:36:14 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg C for 10 min, 5 deg/min to 140 for 10
                   180 for 15 min. 20 psi, sr = 35:1
                  
 


















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-106-RAC.D
Sample Name: MSE-II-106-RAC
Instrument 1 11/19/2012 5:36:15 PM Ryan Coombs Page 1 of 2
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 26-Sep-12, 07:58:11                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 9/26/2012 7:50:31 AM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/19/2012 5:37:34 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg for 10 min, 5 deg/min to 140 for 10 mi
                  n, 20 psi, sr = 35:1
                  
 





























                        Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-097-ACETATE.D
Sample Name: MSE-II-097-acetate
Instrument 1 11/19/2012 5:37:37 PM Ryan Coombs Page 1 of 2
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 20-Oct-12, 10:26:47                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/20/2012 10:23:32 AM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/19/2012 5:38:07 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg for 10 min, 5 deg/min to 140, for 10 m
                  in 20 psi, sr = 35:1
                  
 





















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-097-AC-SPIKE.D
Sample Name: MSE-II-097-Ac-Spike
Instrument 1 11/19/2012 5:38:10 PM Ryan Coombs Page 1 of 2
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  29.105 MM    0.0675  515.00781  127.15060 38.15054
   2  29.523 BB    0.0573  834.92798  179.27284 61.84946
 




                          *** End of Report ***
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-097-ACETATE.D
Sample Name: MSE-II-097-acetate
Instrument 1 11/19/2012 5:37:37 PM Ryan Coombs Page 2 of 2
69
Kinetic	 resolution	 to	 give	 (R)-hex-5-en-1-yn-3-ylbenzene	 (Table	 1.6,	 Entry	 1):	 The	
















39	Zhan, Z.; Yo, J.; Liu, H.; Cui, Y.; Yang, R.; Yang, W.; Li, Y. J. Org. Chem. 2006, 71, 8298.	
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Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 20-Oct-12, 12:17:49                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/20/2012 12:14:40 PM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/19/2012 5:53:55 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg for 10 min, 3 deg/min to 140, for 10 m
                  in 20 psi, sr = 35:1
                  
 





























                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MJA-III-160.D
Sample Name: MJA-III-160
Instrument 1 11/19/2012 5:53:57 PM Ryan Coombs Page 1 of 2
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 23-Oct-12, 08:22:25                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/23/2012 8:21:41 AM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/19/2012 5:50:03 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg C for 10 min, 3 deg/min to 140, for 20
                   20 psi, sr = 35:1
                  
 
































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-099-E.D
Sample Name: MSE-II-099-E
Instrument 1 11/19/2012 5:50:16 PM Ryan Coombs Page 1 of 2
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 23-Oct-12, 10:39:10                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/23/2012 10:39:29 AM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/19/2012 5:50:03 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg C for 10 min, 3 deg/min to 140, for 20
                  , 20 psi, sr = 35:1
                  
 





















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-099E-SPIKE.D
Sample Name: MSE-I-099E-spike
Instrument 1 11/19/2012 5:50:43 PM Ryan Coombs Page 1 of 2
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  32.416 MF    0.0727  526.60809  120.75000 84.98265
   2  32.640 FM    0.0711   93.05730   21.80412 15.01735
 




                          *** End of Report ***
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-099-E.D
Sample Name: MSE-II-099-E




Pd2(dba)3 (1.25 mol %)
(R)-MeO(furyl)BIPHEP (2.5 mol %)
CsF (3 equiv.)
























Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 23-Oct-12, 08:22:25                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/23/2012 8:21:41 AM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/19/2012 5:50:03 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg C for 10 min, 3 deg/min to 140, for 20
                   20 ps , sr = 35:1
                  
 
































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-099-E.D
Sample Name: MSE-II-099-E
Instrument 1 11/19/2012 5:50:16 PM Ryan Coombs Page 1 of 2
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 20-Oct-12, 14:30:10                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/20/2012 2:27:58 PM by Scott Mlynarski
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/19/2012 5:51:51 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg C for 10 min, 3 deg/min to 140 for 10 
                  ,  20 psi, sr = 35:1
                  
 
































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MJA-III-160-2.D
Sample Name: MSE-II-160-2



















Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 16-Jan-13, 08:43:03                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 1/16/2013 8:41:05 AM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 1/16/2013 9:41:36 AM by Chris Schuster
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg C for 10 min, 3 deg/min to 140, 20 min
                  , 20 psi, sr = 35:1
                  
 


















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-068RAC.D
Sample Name: MSE-II-068rac
Instrument 1 1/16/2013 9:41:41 AM Chris Schuster Page 1 of 2
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 22-Oct-12, 16:26:36                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/22/2012 4:19:58 PM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/19/2012 5:55:22 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg C for 10 min, 3 deg/min to 140, for 20
                   20 psi, sr = 35:1
                  
 



















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-099-AC.D
Sample Name: MSE-II-099-Ac
Instrument 1 11/19/2012 5:55:26 PM Ryan Coombs Page 1 of 2
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 22-Oct-12, 17:30:28                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/22/2012 5:27:12 PM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/19/2012 5:55:49 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
Sample Info     : Beta-Dex, 60 deg C for 10 min, 3 deg/min to 140, for 20
                   20 psi, sr = 35:1
       
 


















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-099-AC-SPIKE.D
Sample Name: MSE-II-099-Ac-spike
Instrument 1 11/19/2012 5:55:51 PM Ryan Coombs Page 1 of 2
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  38.716 BB    0.0548   19.52114    4.33718 11.65692
   2  39.382 BB    0.0573  147.94279   31.80352 88.34308
 




                          *** End of Report ***
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-099-AC.D
Sample Name: MSE-II-099-Ac








	(R)-1-chloro-4-(hex-5-en-1-yn-3-yl)benzene	 (Table	 1.6,	 Entry	 2A).	





























B).	 The	 crude	 reaction	 mixture	 was	 purified	 on	 silica	 gel	 (10:1	
pentane:diethyl	ether)	to	afford	a	clear,	colorless	oil.	Rf	=	0.32	(10:1	






Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 25-Oct-12, 10:47:36                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/25/2012 10:43:50 AM by Mike Ardolino
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/15/2012 2:05:34 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg C for 10 min, 2 deg/min to 140, for 10
                  , 20 psi, sr = 35:1
                  
 






















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-126-RAC.D
Sample Name: MSE-II-126-RAC
Instrument 1 11/15/2012 2:05:36 PM Ryan Coombs Page 1 of 2
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 25-Oct-12, 13:45:18                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/25/2012 1:41:59 PM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/15/2012 2:09:18 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg C for 10 min, 2 deg/min to 140, for 10
                  , 20 psi, sr = 35:1
                  
 






















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-090E.D
Sample Name: MSE-II-090E
Instrument 1 11/15/2012 2:09:28 PM Ryan Coombs Page 1 of 2
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 25-Oct-12, 15:07:18                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/25/2012 3:00:35 PM by Meredith Eno
         (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/15/2012 2:09:18 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 60 deg C for 10 min, 2 deg/min to 140, for 10
                  , 20 psi, sr = 35:1
                  
 



















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-090E-SPIKE.D
Sample Name: MSE-II-090E-spike
Instrument 1 11/15/2012 2:10:06 PM Ryan Coombs Page 1 of 2
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  52.996 BB    0.1041 1385.26355  159.45381 81.93271
   2  53.702 BB    0.0887  305.46964   40.77204 18.06729
 




                          *** End of Report ***
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-090E.D
Sample Name: MSE-II-090E
























Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 31-Jul-12, 14:25:43                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 7/31/2012 2:23:36 PM by Grace Ferris
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/15/2012 2:18:14 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 100 deg 10 min, ramp 3 deg/min to 160. 20 psi
                  , sr = 35:1
                  
 




















                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-033-RAC.D
Sample Name: MSE-II-033-RAC
Instrument 1 11/15/2012 2:18:17 PM Ryan Coombs Page 1 of 2
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 18-Sep-12, 08:39:49                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 9/18/2012 8:24:28 AM by Meredith Eno
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/15/2012 2:19:01 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info     : Beta-Dex, 100 deg, 10 min, 3 deg/min to 160 for 10 min,
                   20 psi, sr = 35:1
                  
 

































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-090-ACETATE.D
Sample Name: MSE-II-090-acetate
Instrument 1 11/15/2012 2:19:15 PM Ryan Coombs Page 1 of 2
=====================================================================
Acq. Operator   : Meredith Eno                 
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 20-Oct-12, 08:42:32                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MEREDITH ENO\BETA-DEX.M
Last changed    : 10/20/2012 8:40:07 AM by Scott Mlynarski
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\SLEEP_MODE.M
Last changed    : 11/15/2012 2:19:01 PM by Ryan Coombs
                  (modified after loading)
Method Info     : sleep mode
 
Sample Info  : Beta-Dex, 100 deg for 10 min, 3 deg/min to 160 for 10 m
                  in, 20 psi, sr = 35:1
                  
 

































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-090-AC-SPIKE.D
Sample Name: MSE-II-090-Ac-Spike
Instrument 1 11/15/2012 2:21:10 PM Ryan Coombs Page 1 of 2
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  33.397 MM    0.0885  862.68561  162.41209 27.35757
   2  33.844 MM    0.1061 2290.68481  359.74545 72.64243
 




                          *** End of Report ***
Data File C:\CHEM32\1\DATA\MEREDITH ENO\MSE-II-090-ACETATE.D
Sample Name: MSE-II-090-acetate



































	(R)-1-(p-tolyl)prop-2-yn-1-yl	 acetate	 (Table	 1.6,	 Entry	 3B).	 The	
crude	 reaction	mixture	was	purified	on	 silica	 gel	 (10:1	pentane:	
diethyl	ether)	to	afford	a	clear,	colorless	oil.	Rf	=	0.26	(25:1	hexane:	




























	(R)-1-(hex-5-en-1-yn-3-yl)-4-methoxybenzene	 (Table	 1.6,	 Entry	
2A).	 The	 crude	 reaction	mixture	was	 purified	 on	 silica	 gel	 (10:1	























                             Run Logbook
=====================================================================
Method       Method started                                 14:37:28 10/18/12
Method       Instrument remote started (front)              14:37:28 10/18/12
Method       Saving Method ACQ.M                            16:37:28 10/18/12
CP Macro     Analyzing rawdata MJA-III-155RAC2.D            16:37:29 10/18/12
Method       Instrument run completed                       16:42:06 10/18/12
Method       Saving Method DA.M                             16:42:06 10/18/12
Method       Method completed                               16:42:06 10/18/12
=====================================================================






























                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  89.339 MM    0.1573  239.71318   25.40597 50.22805
   2  89.790 MM    0.1608  237.53645   24.62137 49.77195
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-III-155RAC2.D
Sample Name: MJA-II-155rac2
Instrument 1 10/21/2012 11:22:00 AM Mike Ardolino Page 3 of 4
=====================================================================
                             Run Logbook
=====================================================================
Method       Method started                                 16:46:48 10/18/12
Method       Instrument remote started (front)              16:46:48 10/18/12
Method       Saving Method ACQ.M                            18:46:49 10/18/12
CP Macro     Analyzing rawdata MJA-V-13PDT.D                18:46:49 10/18/12
Method       Instrument run completed                       18:50:45 10/18/12
Method       Saving Method DA.M                             18:50:45 10/18/12
Method       Method completed                               18:50:46 10/18/12
=====================================================================






























                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  89.371 MM    0.1571  244.12610   25.89414 81.90742
   2  89.821 MM    0.1491   53.92517    6.02781 18.09258
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-13PDT.D
Sample Name: MJA-V-13pdt
Instrument 1 10/21/2012 11:22:31 AM Mike Ardolino Page 3 of 4
=====================================================================
                             Run Logbook
=====================================================================
Method       Method started                                 07:04:31 10/19/12
Method       Instrument remote started (front)              07:04:31 10/19/12
6850       1 Post run setpt:Time 5.00 at runtime 79.11      08:49:17 10/19/12
6850       1 ... runtime 79.11                              08:49:17 10/19/12
6850       1 Oven temp setpt:Final time 1 10.00 at     ...  08:49:17 10/19/12
6850       1 ... runtime 79.11                              08:49:17 10/19/12
6850       1 Column setpt:Post pres 20.0 psi at        ...  08:49:17 10/19/12
6850       1 ... 79.11                                      08:49:18 10/19/12
6850       1 Not ready:Inlet pres 20.0 psi at runtime  ...  08:49:18 10/19/12
Method       Saving Method ACQ.M                            08:49:18 10/19/12
6850       1 Not ready:Inlet flow 51.9 at runtime 79.11     08:49:18 10/19/12
CP Macro     Analyzing rawdata MJA-V-13PDTSPIKE.D           08:49:18 10/19/12
Method       Instrument run completed                       08:54:19 10/19/12
Method       Saving Method DA.M                             08:54:19 10/19/12
Method       Method completed                               08:54:20 10/19/12
=====================================================================































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-13PDTSPIKE.D
Sample Name: MJA-V-13pdtspike
Instrument 1 10/21/2012 11:22:57 AM Mike Ardolino Page 3 of 4
=====================================================================
                             Run Logbook
=====================================================================
Method  Method started                                 16:46:48 10/18/12
Method       Instrument remote started (front)              16:46:48 10/18/12
Method       Saving Method ACQ.M                            18:46:49 10/18/12
CP Macro     Analyzing rawdata MJA-V-13PDT.D                18:46:49 10/18/12
Method       Instrument run completed                       18:50:45 10/18/12
Method       Saving Method DA.M                             18:50:45 10/18/12
Method      Method completed                     18:50:46 10/18/12
=====================================================================






























            Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  89.371 MM    0.1571  244.12610   25.89414 81.90742
   2  89.821 MM    0.1491   53.92517    6.02781 18.09258
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-13PDT.D
Sample Name: MJA-V-13pdt
Instrument 1 10/21/2012 11:22:31 AM Mike Ardolino Page 3 of 4
81
		















														 Racemic	Sample	 	 																						 Enantioenriched	Sample	
			
=====================================================================
                             Run Logbook
=====================================================================
Method       Method started                                 11:15:21 10/18/12
Method       Instrument remote started (front)              11:15:21 10/18/12
6850       1 ... runtime 69.44                              12:25:36 10/18/12
6850       1 Oven temp setpt:Final time 1 13.00 at     ...  12:25:36 10/18/12
6850       1 ... runtime 69.44                              12:25:36 10/18/12
6850       1 Column setpt:Post pres 20.0 psi at        ...  12:25:36 10/18/12
6850       1 ... 69.44                                      12:25:36 10/18/12
6850       1 Not ready:Inlet pres 20.0 psi at runtime  ...  12:25:36 10/18/12
6850       1 Not ready:Inlet flow 46.2 at runtime 69.44     12:25:37 10/18/12
6850       1 Post run setpt:Time 5.00 at runtime 69.68      12:25:37 10/18/12
Method       Saving Method ACQ.M                            12:25:37 10/18/12
6850       1 ... runtime 69.68                              12:25:37 10/18/12
6850       1 Column setpt:Post pres 20.0 psi at        ...  12:25:37 10/18/12
6850       1 ... 69.68                                      12:25:37 10/18/12
6850       1 Not ready:Inlet pres 20.0 psi at runtime  ...  12:25:37 10/18/12
CP Macro     Analyzing rawdata MJA-IV-165RAC2.D             12:25:37 10/18/12
6850       1 Not ready:Inlet flow 46.1 at runtime 69.68     12:25:37 10/18/12
Method       Instrument run completed                       12:30:38 10/18/12
Method       Saving Method DA.M                             12:30:38 10/18/12
Method       Method completed                               12:30:39 10/18/12
=====================================================================

































Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-IV-165RAC2.D
Sample Name: MJA-IV-165rac2
Instrument 1 10/21/2012 11:10:27 AM Mike Ardolino Page 3 of 4
=====================================================================
                             Run Logbook
=====================================================================
Method       Method started                                 08:34:25 10/18/12
Method       Instrument remote started (front)              08:34:25 10/18/12
Method       Saving Method ACQ.M                            09:52:25 10/18/12
CP Macro     Analyzing rawdata MJA-V-13PLUG2.D              09:52:25 10/18/12
Method       Instrument run completed                       10:07:26 10/18/12
Method       Saving Method DA.M                             10:07:27 10/18/12
Method       Method completed                               10:07:27 10/18/12
=====================================================================

































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  67.514 MM    0.1357   69.30232    8.51125 18.69166
   2  68.155 MM    0.1332  301.46375   37.73237 81.30834
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-13PLUG2.D
Sample Name: MJA-V-13plug2









(Table	 1.6,	 Entry	 5):	 The	 representative	 procedure	was	 followed	with	 tert-butyl	 3-(1-




(Table	 1.6,	 Entry	 5A).	 The	 crude	 reaction	mixture	was	 purified	 on	
silica	gel	(10:1	pentane:diethyl	either)	to	afford	a	clear,	colorless	oil.	








                             Run Logbook
=====================================================================
Method       Method started                                 12:43:11 10/18/12
Method       Instrument remote started (front)              12:43:11 10/18/12
6850       1 Post run setpt:Time 15.00 at runtime 0.53      14:01:11 10/18/12
6850       1 ... runtime 0.53                               14:01:11 10/18/12
6850       1 Oven temp setpt:Final time 1 20.00 at     ...  14:01:11 10/18/12
6850       1 ... runtime 0.53                               14:01:12 10/18/12
6850       1 Column setpt:Post pres 20.0 psi at        ...  14:01:12 10/18/12
6850       1 ... 0.53                                       14:01:12 10/18/12
6850       1 Not ready:Inlet pres 20.0 psi at runtime  ...  14:01:12 10/18/12
6850       1 Not ready:Inlet flow 77.7 at runtime 0.53      14:01:12 10/18/12
Method       Saving Method ACQ.M                            14:01:12 10/18/12
CP Macro     Analyzing rawdata MJA-V-13OACSPIKE.D           14:01:12 10/18/12
Method       Instrument run completed                       14:16:12 10/18/12
Method       Saving Method DA.M                             14:16:13 10/18/12
Method       Method completed                               14:16:13 10/18/12
=====================================================================






























                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-13OACSPIKE.D
Sample Name: MJA-V-13oAcspike
Instrument 1 10/21/2012 11:11:33 AM Mike Ardolino Page 3 of 4
=====================================================================
                             Run Logbook
=====================================================================
Method       Method started                                 08:34:25 10/18/12
Method       Instrument remote started (front)              08:34:25 10/18/12
Method       Saving Method ACQ.M                            09:52:25 10/18/12
CP Macro     Analyzing rawdata MJA-V-13PLUG2.D              09:52:25 10/18/12
Method       Instrument run completed                       10:07:26 10/18/12
Method       Saving Method DA.M                             10:07:27 10/18/12
Method       Method completed                               10:07:27 10/18/12
=====================================================================

































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  67.514 MM    0.1357   69.30232    8.51125 18.69166
   2  68.155 MM    0.1332  301.46375   37.73237 81.30834
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-13PLUG2.D
Sample Name: MJA-V-13plug2







































Kinetic	 resolution	 to	 give	 (R)-5-(hex-5-en-1-yn-3-yl)benzo[d][1,3]dioxole	 (Table	 1.6,	



































pentane:diethyl	 ether)	 to	 afford	 a	 white	 solid.	 Rf	 =	 0.14	 (20:1	





























		An	 oven-dried	 scintillation	 vial	 equipped	 with	 a	 magnetic	 stir	 bar	 was	 charged	 with	
Pd2(dba)3	 (13.7	mg,	 0.015	mmol),	 bis(pinacolato)diboron	 (762.6	mg,	 3.00	mmol),	 and	
tetrahydrofuran	(1.5	mL)	in	a	dry-box	under	argon	atmosphere.		The	vial	was	capped	and	
stirred	 for	 two	 minutes,	 then	 3-chloro-2-methylpropane	 (271.7	 mg,	 3.00	 mmol)	 was	












40	Zhang, P.; Brozek, L. A.; Morken, J. P. J. Am. Chem. Soc. 2010, 132, 10686.	
B(pin)Cl + B2(pin)2
Pd2(dba)3 (0.5 mol %)





(R)-cat. 1 (0.5 mol %)
CsF (3 equiv.)











































Acq. Operator   : Mike Ardolino                
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 17-Oct-12, 08:52:08                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MIKE ARDOLINO\BETA-DEX.M
Last changed    : 10/17/2012 8:50:29 AM by Mike Ardolino
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\MIKE ARDOLINO\CD-GTA.M
Last changed    : 10/21/2012 11:44:28 AM by Mike Ardolino
                  (modified after loading)
Sample Info     : Beta-Dex, 60 deg for 10 min, 1 deg/min to 140, 10 min ,
                   20 psi, sr = 35:1
                  
 


































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-III-117RAC.D
Sample Name: MJA-III-117rac.D
Instrument 1 10/21/2012 11:44:30 AM Mike Ardolino Page 1 of 2
=====================================================================
Acq. Operator   : Mike Ardolino                
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 17-Oct-12, 09:56:06                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MIKE ARDOLINO\BETA-DEX.M
Last changed    : 10/17/2012 9:37:26 AM by Mike Ardolino
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\MIKE ARDOLINO\CD-GTA.M
Last changed    : 10/21/2012 11:44:55 AM by Mike Ardolino
                  (modified after loading)
Sample Info     : Beta-Dex, 60 deg for 10 min, 1 deg/min to 140, 10 min ,
                   20 psi, sr = 35:1
                  
 


































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-25PDT.D
Sample Name: MJA-V-25pdt.D
Instrument 1 10/21/2012 11:44:57 AM Mike Ardolino Page 1 of 2
=====================================================================
Acq. Operator   : Mike Ardolino                
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 17-Oct-12, 11:03:19                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MIKE ARDOLINO\BETA-DEX.M
Last changed    : 10/17/2012 10:57:55 AM by Mike Ardolino
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\MIKE ARDOLINO\CD-GTA.M
Last changed    : 10/21/2012 11:45:18 AM by Mike Ardolino
                  (modified after loading)
Sample Info     : Beta-Dex, 60 deg for 10 min, 1 deg/min to 140, 10 min ,
                   20 psi, sr = 35:1
                 
 






























                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-25PDTSPIKE.D
Sample Name: MJA-V-25pdtspike.D
Instrument 1 10/21/2012 11:45:20 AM Mike Ardolino Page 1 of 2
Signal 1: FID1 A, 
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  35.200 MM    0.1606  208.26378   21.60966 82.51483
   2  35.687 MM    0.1594   44.13179    4.61521 17.48517
 




                          *** End of Report ***
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-25PDT.D
Sample Name: MJA-V-25pdt.D
Instrument 1 10/21/2012 11:44:57 AM Mike Ardolino Page 2 of 2
92





	 The	 kinetic	 isotope	 effect	 was	 measured	 experimentally	 through	 a	 competition	








Acq. Operator   : Mike Ardolino                
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 17-Oct-12, 17:00:36                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MIKE ARDOLINO\BETA-DEX.M
Last changed    : 10/17/2012 4:28:46 PM by Mike Ardolino
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\MIKE ARDOLINO\CD-GTA.M
Last changed    : 10/21/2012 11:41:56 AM by Mike Ardolino
                  (modified after loading)
Sample Info     : Beta-Dex, 60 deg for 10 min, 5 deg/min to 140, 10 min ,
                   20 psi, sr = 35:1
                  
 
































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-IV-275RAC.D
Sample Name: MJA-V-275rac.D
Instrument 1 10/21/2012 11:41:58 AM Mike Ardolino Page 1 of 2
=====================================================================
Acq. Operator   : Mike Ardolino                
Acq. Instrument : Instrument 1                    Location : Vial 1
Injection Date  : 17-Oct-12, 15:32:45                  Inj :   1
                                                Inj Volume : Manually
Acq. Method     : C:\CHEM32\1\METHODS\MIKE ARDOLINO\BETA-DEX.M
Last changed    : 10/17/2012 3:31:59 PM by Mike Ardolino
                  (modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\MIKE ARDOLINO\CD-GTA.M
Last changed    : 10/21/2012 11:42:28 AM by Mike Ardolino
                  (modified after loading)
Sample Info     : Beta-Dex, 60 deg for 10 min, 5 deg/min to 140, 10 min ,
                   20 psi, sr = 35:1
                  
 

































                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier            :      1.0000
Dilution              :      1.0000
Sample Amount         :      2.00000  [ng/ul]   (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
 
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-25OAC.D
Sample Name: MJA-V-25oAc.D
Instrument 1 10/21/2012 11:42:31 AM Mike Ardolino Page 1 of 2
 
Signal 1: FID1 A, 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]   [pA*s]      [pA]         %
----|-------|----|-------|----------|----------|--------|
   1  23.131 MM    0.0441    4.62618   1.74884  4.38112
   2  23.494 MM    0.0435  100.96746   38.71632 95.61888
 




                          *** End of Report ***
Data File C:\CHEM32\1\DATA\MIKE ARDOLINO\MJA-V-25OAC.D
Sample Name: MJA-V-25oAc.D





OH Ac2O, DMAP, TEA
DCM, 0 oC to rtH
n-BuLi, -78-0 oC, THF















stirred	 and	 slowly	 warmed	 to	 room	 temperature	 for	 three	 hours.	 The	 solution	 was	
recooled	 to	 0	 °C,	 quenched	with	 an	 aqueous	 saturated	 ammonium	 chloride	 solution,	
extracted	 three	 times	 with	 diethyl	 ether,	 dried	 with	 magnesium	 sulfate,	 filtered	 and	
concentrated	 in	 vacuo.	 The	 resulting	 crude	 mixture	 was	 purified	 on	 silica	 gel	 (2:1	
pentane:diethyl	ether)	to	give	531.5	mg	of	the	desired	labeled	alcohol	(83%	yield,	77.3%	

















	 In	 order	 to	 test	 for	 the	 kinetic	 isotope	 effect,	 Representative	 Procedure	 C	was	
followed	 on	 a	 0.2	 mmol	 scale	 with	 a	 mixture	 of	 labeled	 and	 unlabeled	 oct-1-yn-3-yl	
acetate	 as	 shown	below.	 The	 change	 in	 ratio	 of	 labeled	 and	unlabeled	 acetate	 in	 the	





		All	 calculations	 were	 performed	 using	 Gaussian	 09	with	 all	 geometry	 optimizations,	
























48.2 : 51.8 






functional.41,42	 The	 6-31G**	 basis	 set	 was	 used	 for	 the	 elements	 C,	 H,	 P,	 and	 O	 in	
conjunction	with	the	LANL2DZ	relativistic	pseudopotential	for	Pd.	The	two	oxygens	and	
carbonyl	 carbon	of	 the	acetate	group	were	augmented	with	diffuse	 functions.	All	 free	
energies	were	calculated	at	333.15	K.	The	PCM	model	was	used	to	estimate	the	effect	of	
solvation	 (THF)._	 The	 frequency	 calculations	 for	 transition	 states	 demonstrated	 one	
imaginary	frequency	each,	and	were	found	to	connected	with	the	correct	ground	states	
through	IRC	calculations.	NBO	analysis	was	carried	out	with	Gaussian	NBO	version	3.1.43	


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































inexpensive	 method	 of	 preparing	 a-chiral	 aldehydes	 (Scheme	 2.1).	 AHF	 is	 especially	
attractive	from	a	synthetic	standpoint	due	to	the	complexity	generated	in	one	step	from	
simple	 olefins	 with	 perfect	 atom	 economy.	 	 While	 high	 levels	 of	 regioselectivity	 and	
enantioselectivity	 in	 AHF	 have	 been	 realized	 with	 styrene	 derivatives,	 dienes,	 vinyl	
acetates/amides	 and	 other	 electronically-biased	 alkenes,	 only	 recently	 have	 non-
activated	or	 lowly	activated	alkenes	been	examined.	 In	 this	chapter,	 I	will	present	 the	






Since	 its	 discovery	 in	 the	 late	 1930’s,	 hydroformylation-also	 known	 as	 the	 oxo-
process-has	 become	 one	 of	 the	 largest	 scale	 industrial	 processes.1	 Metal-catalyzed	

















There	 are	 several	 challenges	 facing	 the	 development	 of	 a	 scalable	 AHF:	 (a)	
chemoselectivity:	 achieving	 hydroformylation	 without	 alkene	 isomerization	 or	
hydrogenation;	 (b)	 regioselectivity:	 high	 branched-versus-linear	 selectivities;	 and	 (c)	
enantioselectivity:	 high	 temperatures	 are	 usually	 required	 for	 HF	 and	 controlling	

























followed	 by	 insertion	 to	 the	 alkyl	 chain	 results	 in	 a	 Rh-acyl	 complex	 (2.8	 or	 2.11).	
Hydrogenolysis	of	2.8	or	2.11	releases	the	product	and	regenerates	the	rhodium	hydride	
2.3.			





















examples	 of	 overriding	 linear	 selectivity	with	 the	 addition	of	 directing	 groups	on	 the	
substrate.6	Outside	of	 the	use	of	 directing	 groups,	 electron-deficient	 alkenes	 such	 as	




































































stability	 of	 the	 metal-carbon	 bond	 formed	 in	 2.9	 (versus	 2.6)	 due	 to	 increased	
stabilization	of	 the	 formal	negative	 charge	developing	at	 the	 carbon	by	 the	electron-
withdrawing	group.7	
	Though	certain	substrates	have	an	inherent	steric	or	electronic	preference	to	form	




angles	will	 favor	 formation	of	 the	 linear	 isomer	 in	 the	hydroformylation	of	 1-hexene	
(Table	2.1).	The	only	exception	is	norbornyl	 ligand	L2.5,	which	is	proposed	to	act	as	a	
monodentate	 ligand.	The	authors	 could	never	 isolate	monomeric	L2.5-Rh	complex	 to	
support	this	hypothesis.8a	































































anti-inflammatory	 drug	 Naproxen	 using	 this	 method.10	 Though	 high	 enantio-	 and	
regioselecivities	 are	 possible	 with	 L2.6,	 low	 activities	 are	 observed	 and	 at	 elevated	
temperatures	the	asymmetric	induction	is	diminished.			
	























L2.7.	 Binaphos	 is	 an	 excellent	 ligand	 for	 the	 AHF	 of	 several	 alkenes,	 observing	 high	
enantioselectivities	 and	 moderate-to-good	 regioselectivities	 (Table	 2.2).11	 The	 hybrid	
ligand	offers	 control	of	 the	 ligand	 coordination	 to	 the	metal.	Due	 to	 the	difference	 in	
electronic	properties	of	the	two	phosphine	atoms,	it	has	been	determined	that	only	the	
ea	coordination	is	possible	with	L2.7	(Scheme	2.3),	with	the	phosphine	in	the	equatorial	


















































other	 hybrid	 ligand	 scaffolds	 have	 been	 developed.13	 In	 2010,	 Zhang	 and	 co-workers	
predicted	 that	 synthesis	 of	 a	 hybrid	 ligand	with	 an	 N-substituted	 phosphoramidite	 in	
place	of	the	phosphite	in	binaphos	L2.7	would	lead	to	a	more	rigid	chiral	pocket	and	lead	
to	higher	enantioselectivites.14	Their	prediction	was	correct	and	YanPhos	L2.8	has	been	
shown	 to	 give	 high	 yields,	 as	 well	 as	 enantio-	 and	 regioselectivities	 for	 a	 variety	 of	
substrate	classes	(Table	2.3).		














Rh(acac)(CO)2 (x mol %)






O(S,R)-L2.7 (4x mol %)




























	 BobPhos	 L2.9,	 developed	 by	 Clarke	 and	 co-workers	 in	 2012,	 is	 another	 hybrid	
ligand	 scaffold	 that	 has	 been	 shown	 to	 give	 high	 branched	 selectivities	 for	
nonelectronically-biased	alkenes	such	as	1-hexene	(Table	2.4).15	This	ligand,	to	date,	gives	




                                                
15	Noonan,	G.	M.;	Fuentes,	J.	A.;	Colbey,	C.	J.;	Clarke,	M.	L.	Angew.	Chem.	Int.	Ed.	2012,	
51,	2477.		
Rh(acac)(CO)2 (x mol %)






O(S,R)-L2.8 (4x mol %)






































	 Bisdiazaphos	 ligands	 such	 as	 L2.10,	 are	 the	 benchmark	 ligands	 for	 the	 AHF	 of	
substrates	outside	of	allyl	cyanide,	styrene,	and	vinyl	acetate.16	These	ligands	give	high	
enantio-	and	regioselectivities	with	substrates	such	as	allyl	ethers	and	N-allyl	amines	while	
maintaining	 high	 activity	 and	 fast	 reaction	 times,	 even	 at	 decreased	 catalyst	 loadings	
(Table	2.5).		




















Rh(acac)(CO)2 (0.4 mol %)
























hydrazine	 2.33	 gives	 azine	 2.34	 in	 high	 yield.	 Cyclization	 of	 azine	 2.34	 with	
diphosphinobenzene	2.35	and	bisacid	chloride	2.36	results	in	racemic	tetraacid	2.37	as	























Rh(acac)(CO)2 (x  mol %)














































thf, 20 h, rt
N

















2. diasteromer separation 
















































































predicted	 that	 the	 bis(phospholano)ethane	 (BPE)	 and	 bis(phospholano)benzene	
(DuPhos)	 families	 of	 ligands	 could	 be	 used	 due	 to	 their	 similarities	 in	 structure	 and	
electronic	 nature	 to	 the	 bisdiazaphos	 ligands.	 In	 addition	 to	 their	 similarities	 in	




















































group	 to	 recognize	 that	 BPE	 and	 DuPhos	 ligands	 could	 be	 efficient	 asymmetric	

















undesired	 hydrogenation	 byproducts.	 Since	 1-alkenes	 are	 known	 to	 favor	 the	 linear	

























L2.11 L2.12 L2.14 L2.13
entry ligand
styrene allyl cyanide vinyl acetate







10 15.7:1 44 42 6.6:1 32 26 176:1 51
15 11.3:1 83 55 7.2:1 82 29 322:1 74
8 14:1 43 36 5.8:1 37 23 97:1 59
57 45:1 94 96 7.1:1 90 52 340:1 82
All the reactions were performed at 80 °C in toluene with 150 psi CO/H2 (1:1), substrate/Rh(acac)(CO)2 
= 5000:1, catalyst concentration of 0.037% and a 3 h reaction time.

















Rh(acac)(CO)2 (0.5 mol %)
150 psi CO/H2













(S,S)-MeBPE L2.12 0.9:1 55:45
(R,R)-MeDuPhos L2.13 0.5:1 41:59
4 (S,S)-i-PrDuPhos L2.14 1.1:1 93:7
5:95
a) ratio of products determined by 1HNMR analysis. b) 
enantomer ratios dertermined by SFC analysis on chiral 
stationary phase after reduction and benzoylation
2.44
ligand (0.55 mol %)
154




Landis	 has	 shown	 that	 increase	 CO	 pressure	 independently	 of	 H2	 can	 lead	 to	 higher	
selectivities.24	Changing	the	solvent	in	the	reaction	seemed	to	have	the	largest	effect	as	


























a) ratio of products determined by 1HNMR analysis. b) enantomer ratios dertermined by SFC 



























































[Rh] (0.5 mol %)
y psi CO/H2




9 + Me 9
O
2.45 2.462.44








	 We	 were	 initially	 interested	 in	 looking	 at	 minimally	 electronically-biased	
substrates	 like	 TBS-protected	 allyl	 alcohol	 2.47,	 to	 give	 the	 b-siloxyl	 aldehyde	 2.39	





                                                
25	Landis,	C.	R.;	Nelson,	R.	C.;	Jin,	W.;	Bowman,	A.	C.	Organometallics	2006,	25,	1377.	











16 81% 1.3:1 94%
36 57% 1.42:1 97%
36 n.r n.d. n.d.
a) ratio of products determined by 1H-NMR analysis. b) enantomeric 
ratios dertermined by SFC analysis on chiral stationary phase after 
converting to benzoate protected alcohol.
Me
9






9 + Me 9
O
2.45 2.462.44















	 Due	 to	 the	 success	 of	 PhBPE	 in	 the	 AHF	 of	 the	 above	 allyl	 ether	 and	 acetal	
derivatives,	we	wanted	to	further	investigate	substrates	that	are	even	less	electronically-
biased	to	give	the	branched	isomer	(Table	2.11).	AHF	of	protected	homoallylic	alcohols	



























Rh(acac)(CO)2 (0.5 mol %)
150 psi CO/H2






(S,S)-L2.11 (0.55 mol %)
R
R





Reactions performed with 0.5 mol % Rh(acac)(CO)2 and 0.55 mol % of (S,S)-L2.11; 
[substrate]=1.0M. aBranch:linear ration determined by 1H-NMR analysis. benantomeric 






















gave	 high	 enantioselectivities	 and	 moderate	 branched:linear	 ratios	 (entries	 1-	 6).	
Increasing	 the	 electron-withdrawing	 nature	 of	 the	 protecting	 group	 leads	 to	 higher	
regioselectivities	2.60<2.62<2.66	(entries	3,	4,	6).	Again,	increasing	the	oxidation	state	
at	 the	 homoallylic	 position	 led	 to	 higher	 branched	 selectivities	 while	 the	
enantioselectivity	 remained	high	 (entry	7,	8).	Bishomoallylic	 silyloxy	alkene	2.72	 gave	












Rh(acac)(CO)2 (0.5 mol %)
150 psi CO/H2




(S,S)-L2.11 (0.55 mol %)





Reactions performed with 0.5 mol % Rh(acac)(CO)2 and 0.55 mol % of (S,S)-L2.11; 
[substrate]=1.0M. aBranch:linear ratio determined by 1H-NMR analysis. bEnantomeric 























































	 Additionally,	the	AHF	 is	amenable	to	a	 large	scale	reaction	(Scheme	2.8,	eq.	1).	
With	 significantly	 decreased	 catalyst	 loading,	 7.5	 g	 of	 b-siloxy	 aldehyde	 4.39	 was	
produced	with	the	same	levels	of	enantio-	and	regioselectivity.	When	subjecting	internal	





























Rh(acac)(CO)2 (1 mol %)
150 psi CO/H2
(R,R)-L2.11 (1.1 mol %)
toluene, 80 °C, 15 h












































Rh(acac)(CO)2 (0.5 mol %)
150 psi CO/H2
toluene, 80 °C
















Rh(acac)(CO)2 (0.5 mol %)
150 psi CO/H2
toluene, 80 °C
(S,S)-L2.11 (0.55 mol %) O
Me

























Rh(acac)(CO)2 (0.5 mol %)
150 psi CO/H2
(S,S)-L2.11 (0.55 mol %)




Rh(acac)(CO)2 (0.5 mol %)
150 psi CO/H2
(S,S)-L2.11 (0.55 mol %)






Rh(acac)(CO)2 (0.5 mol %)
150 psi CO/H2
(S,S)-L2.11 (0.55 mol %)
toluene, 80 °C, 5 h
no conversion (3)
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our	 attention	 to	 developing	 a	 predictive	 tool	 for	 product	 distribution	 based	 on	 this	
electronic	influence.	
	In	a	2013	report	on	oxidative	Heck	arylations	of	internal	alkenes,	Sigman	and	co-
workers	 correlated	 differences	 in	 the	 13C	 shifts	 of	 the	 two	 alkene	 carbons	 to	 the	
regioselectivity	of	the	reaction	(Dd	13C).29	This	indicates	that	the	Dd	13C,	can	be	used	as	
measure	 of	 alkene	 polarization.	 Using	 this	 approach,	 we	 were	 able	 to	 find	 a	 good	
correlation	between	Dd13C	shifts	and	the	regioselectivity	for	the	reaction.	Though	a	global	
correlation	was	not	observed,	by	separating	the	substrates	into	two	classes,	oxygenation	





sC-O	mixing)	which	provide	an	 additional	 stabilizing	 feature	 that	operates	only	 for	 the	
allylic	ether	substrates.		









	 We	 have	 demonstrated	 that	 a	 rhodium	 catalyst	 with	 commercially	 available	
PhBPE	 ligand	 L2.11	 is	 efficient	 in	 the	 AHF	 of	 minimally	 and	 non-electronically-biased	
olefins.	We	have	also	shown	that	the	method	is	amenable	to	large	scale	reaction	with	low	
catalyst	 loadings	and	 little	 variation	 in	 selectivity.	Remarkably,	we	have	demonstrated	
that	 even	 internal	 olefins	 can	 give	 synthetically	 useful	 regio-	 and	 enantioselectivities.	






























































complete	 proton	 decoupling.	 Chemical	 shifts	 are	 reported	 in	 ppm	 with	 the	 solvent	
resonance	 as	 the	 internal	 standard	 (CDCl3:	 77.23	 ppm).	 Infrared	 (IR)	 spectra	 were	












	 All	 reactions	were	 conducted	 in	oven-	or	 flame-dried	glassware	under	an	 inert	
atmosphere	of	nitrogen	or	argon.	Tetrahydrofuran	 (THF),	 toluene,	diethyl	ether	 (Et2O)	
and	dichloromethane	(DCM)	were	purified	using	a	Pure	Solv	MD-4	solvent	purification	




































Diol	2.80	 (3.3	 g,	 23.9	mmol)	 and	 catalytic	 (approximately	10	mg)	p-TsOH	were	
dissolved	in	dry	CH2Cl2	(12	mL)	in	a	50	mL	round	bottom	flask,	and	stirred	with	MgSO4	
under	nitrogen.	Acrolein	 (1.59	mL,	23.9	mmol)	was	added	dropwise	 to	 the	mixture	at	
                                                
31	Chênevert,	R.;	Dasser,	M.	J.	Org.	Chem.	2000,	65,	4529.	
32	Doumèche,	B.;	Archelas,	A.;	Furstoss,	R.	Adv.	Synth.	Catal.	2006,	348,	1948.	
33	 Steffen,	 J.;	 Lei,	 X.	 G.;	 Li,	 W;	 Liu,	 Z.	 Q.;	 Turro,	 N.	 J.;	 Ottaviani,	 M.	 F.;	 Abrams,	 L.	 J.	 Org.	
Chem.	2002	,	67,	2606.	
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39 Zhang, M.; Vedanthanm, P.; Flynn, D. L.; Hanson, P. R. J. Org. Chem. 2004, 69, 8340. 


























































this	 was	 added	 dichloromethane	 (20	 mL)	 followed	 by	 dropwise	 addition	 of	 benzoyl	
chloride	(0.58	mL,	5.0	mmol).	 	The	reaction	was	allowed	to	stir	for	20	minutes	prior	to	
dropwise	addition	of	allyltrimethylsilane	(0.96	mL	in	2.0	mL	dichloromethane,	6.0	mmol).		















was	 quenched	 with	 ice-cold	 deionized	 water	 and	 washed	 three	 times	 with	
dichloromethane.	 	 The	 organic	 layers	 combined,	 dried	 over	 magnesium	 sulfate,	
concentrated	 in	vacuo	and	purified	on	silica	gel	(30:1	pentane:	diethyl	ether)	to	afford	
2.70	as	a	clear,	colorless	oil	(866.4	mg,	quantitative	yield)	(Table	2,	entry	3).	Rf	=	0.31	(30:1	
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Meanwhile	 an	 oven-dried	 two	 dram-vial	 in	 dry	 box	 under	 an	 argon	 atmosphere	 was	
































prepared	 via	 Representative	 Procedure	 A	 with	 1-
dodecene	5.	The	crude	reaction	mixture	was	purified	on	silica	gel	(100%	pentane	to	40:1	
pentane:	diethyl	ether)	 to	afford	a	 clear,	 colorless	oil	 (mixture	of	branched	and	 linear	





protection,	 as	 depicted	 below.	 The	 analogous	 racemic	material	 was	 prepared	 via	 the	
same	route,	using	triphenylphoshine	as	achiral	ligand	in	the	hydroformylation	reaction.	
                                                
44 Wakabayashi, T.; Mori, K.; Kobayashi, S. J. Am. Chem. Soc. 2001, 123, 1372. 
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Optical	 purity	 was	 determined	 by	 SFC	 analysis	 of	 the	 derived	 benzoate.	 Absolute	







	 																			Racemic	Sample																				 	 	 Enatnioenriched	Sample	 	
			 	
	

































ether	 as	 shown	 below.	 The	 resulting	 benzyl	 ether	was	 compared	 to	 racemic	material	






















The	 titled	 compound	2.49	was	 reduced	 to	 the	 corresponding	p-methoxybenzyl	








						 	 						Racemic	Sample																				 	 	 Enatnioenriched	Sample	 	
	
	
	(R)-2-(5,5-Dimethyl-1,3-dioxan-2-yl)propanal	 (2.51).	 The	 title	
compound	was	prepared	via	representative	procedure	B	using	olefin	












































































	Chiral	 SFC	 (Chiralpak,	AS-H,	35	 oC,	5	mL/min,	5%	 Isopropanol,	100	bar,	210-270	nm)	–	
analysis	of	alcohol.	
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The	 titled	 compound	 2.55	 was	 converted	 to	 corresponding	 p-methoxybenzyl	











































	 The	 titled	 compound	was	 subjected	 to	NaBH4	 reduction	 followed	 by	 benzoate	
protection	and	TBS	removal.	The	analogous	racemic	material	was	prepared	by	employing	
PPh3	as	ligand	in	hydroformylation	of	olefin	2.56.	Optical	purity	was	determined	by	chiral	





                                                














	 The	 title	 compound	 was	 subjected	 to	 NaBH4	 reduction	 followed	 by	 benzoate	
protection,	 as	 depicted	 below.	 The	 analogous	 racemic	material	 was	 prepared	 via	 the	
same	route,	using	triphenylphoshine	as	achiral	ligand	in	the	hydroformylation	reaction.	
Optical	purity	was	determined	by	SFC	analysis	of	the	derived	compound	as	compared	to	
                                                












	(S)-4-Acetoxy-2-methyl	 butanal	 (2.61):	 The	 title	 compound	 was	
prepared	with	Representative	Procedure	A	with	olefin	2.60.	The	crude	
reaction	mixture	was	purified	on	silica	gel	(7:1	pentane:	diethyl	ether)	to	afford	a	clear,	












		 The	 title	 compound	 was	 subjected	 to	 NaBH4	 reduction	 followed	 by	 benzoate	














































The	 title	 compound	 was	 subjected	 to	 NaBH4	 reduction	 followed	 by	 benzoate	

















with	 olefin	2.64.	 The	 crude	 reaction	mixture	was	 purified	 on	 silica	 gel	 (20:1	 pentane:	
diethyl	ether)	to	afford	a	colorless	oil	as	a	1:1	mixture	of	inseparable	diastereomers	(114	




































































































protection,	 as	 depicted	 below.	 The	 analogous	 racemic	material	 was	 prepared	 via	 the	
same	route,	using	triphenylphoshine	as	achiral	ligand	in	the	hydroformylation	reaction.	
Optical	purity	was	determined	by	SFC	analysis	of	the	derived	compound	as	compared	to	
racemic	 product.	 Absolute	 stereochemistry	 was	 determined	 by	 comparison	 with	
literature.53	











	(S)-2-(((4-Methoxybenzyl)oxy)methyl)pentanal	 (2.75).	 The	 title	



























































































The	 formation	of	new	stereocenters	by	 carbon-carbon	bond	 formation	 is	most	
commonly	 achieved	 via	 asymmetric	 bond	 formation	 at	 the	 new	 stereogenic	 center.2	
However,	 desymmetrization	 reactions	 offer	 an	 alternate	 approach	 that	 separates	 the	
newly	 forming	 stereocenter	 from	 the	 site	 of	 carbon-carbon	 bond	 formation.	 In	 a	






























Desymmetrization	 of	 anhydride	 3.1	with	 ZnEt2	 in	 the	 presence	 of	 Ni(acac)2	 and	 Phox	
ligand	L3.1	yields	ketoacid	3.3	in	79%	ee	and	85%	yield	(Scheme	3.2).	Addition	of	electron-
deficient	olefins,	such	as	3.2,	to	cross-coupling	reactions	is	proposed	to	increase	the	rate	











































methods	 rely	 on	 organocatalysts,	 there	 are	 a	 few	 transition-metal	 catalyzed	
desymmetrizations	of	dienones	 reported.8	One	 strategy	used	 to	desymmetrize	alkynyl	
substituted	dienones	 involves	 carbometalation	of	 the	alkyne	 followed	by	1,4-addition.	
Lautens	 and	 co-workers	 have	 developed	 the	 asymmetric	 Rh-catalyzed	 arylative	























































































arylative	 cyclization	 of	 symmetric	 cyclic	 dienones	 with	 boronic	 acids.10	 The	 use	 of	




out	 in	situ	 formation	of	 tetrafluoroborate	salts,	 the	authors	propose	that	 fluoride	 ions	
play	a	role	in	stabilizing	catalytic	intermediates.	Lin	and	co-workers	later	developed	a	Cu-
catalyzed	 borylative	 desymmetrization	 of	 cyclic	 dienones.12	 Cyclohexadienone	 3.11	 is	





































 Disubstituted	 cyclic	 dienones	 have	 also	 been	 efficiently	 desymmetrized	 via	
asymmetric	 copper-catalyzed	 conjugate	 additions	 of	 organozinc	 reagents.	 In	 1999,	
Feringa	and	co-workers	reported	that	symmetric	cyclic	dienone	3.15	in	the	presence	of	
Cu(OTf)2	and	phosphoramidite	ligand	L3.6	could	efficiently	undergo	enantioselective	1,4-


























70% y, 94% ee
3.14
+





99% y, 97% ee
KHF2 (30 mol%)























ditriflates	 through	 an	 asymmetric	 palladium-catalyzed	 cross-coupling	 reaction.14		
Asymmetric	Suzuki	coupling	of	3.17	with	arylboronic	acid	3.18	in	the	presence	of	Pd(OAc)2	
with	monophosphine	L3.7,	 yields	 the	desired	monotriflate	3.19	 in	moderate	yield	and	
enantioselectivity	 (Scheme	 3.6,	 eq.	 1).	 Later	 this	 group	 was	 able	 to	 achieve	 the	
desymmetrization	 of	 similar	 ditriflates	 through	 a	 asymmetric	 carbonylative	 cross-
coupling	under	mild	conditions	with	a	similar	catalyst	system	(Scheme	3.6,	eq.	2).15	The	
yields	in	this	case	were	low	due	to	formation	of	undesired	diester	3.22	from	biscoupling.	
























chiral	 Schiff	 base	 ligand	 L3.8,	 proceeds	 smoothly	 to	 give	 3.24	 in	 high	 yield	 and	
enantioselectivity	(Scheme	3.7,	eq.	1).	The	desymmetrization	can	also	be	applied	to	six-	
and	 seven-membered	 ring	 meso-allylic	 bis(phosphates).17	 The	 asymmetric	 Suzuki	
coupling	 of	 cyclic	 allylic	 bis(carbonates)	 was	 developed	 by	 Lautens	 and	 co-workers.18	
Bidentate	 phosphine	 L3.9	 in	 combination	 with	 a	 rhodium	 catalyst	 catalyzes	 the	

















































More	 recently,	 Zhao	 and	 Weix	 have	 designed	 a	 desymmetrization	 of	 meso-
epoxides	which	proceeds	through	an	asymmetric	cross-coupling	of	aryl	halides	(Scheme	
3.8).19	Asymmetric	ring-opening	of	meso-epoxide	3.27	with	chiral-titanium	3.29	results	in	









tol/thf, −78 °C3.23 3.24















































































achiral	 triene	 3.39	 is	 efficiently	 converted	 into	 six-membered	 pyran	 derivative	 3.41	
(Scheme	3.9,	eq.	3).	Desymmetrization	via	RCM	is	not	limited	to	Mo-catalysts;	Ru-	and	W-
catalysts	have	also	been	used	in	asymmetric	RCM.23		

















meso-cyclic	 alkenes.24	 For	 example,	 norbornyl	 TBS	 ether	 3.42	 under	 goes	 ring-













































































asymmetric	 Rh(I)-catalyzed	 hydroacylation	 of	 symmetric	 3,4-disubstituted	 pentenals.25	
Reaction	 of	 aldehyde	 3.45	 with	 catalytic	 amounts	 of	 cationic	 rhodium-binap	 complex	































of	 3.49	 to	 yield	 cyclopentenone	 3.50	 with	 exceptional	 levels	 of	 yield	 and	
enantioselectivity	(Scheme	3.12,	eq.	1).	The	reaction	is	proposed	to	proceed	via	alkene	
isomerization	 followed	 by	 hydroacylation	 of	 the	 terminal	 olefin	 of	 intermediate	3.51.	
Dong	 and	 co-workers	 have	 also	 presented	 the	 unique	 asymmetric	 intermolecular	






































hydroacylation	 of	 cyclopropenes.28	 Rhodium-catalyzed	 hydroacylation	 of	 3.53	 with	
salicylaldehyde	 3.52	 in	 the	 presence	 of	 chiral	 Josiphos	 ligand	 L3.12	 yields	
cyclopropylketone	3.54	(Scheme	3.12,	eq.	2).	The	salicylaldehyde	is	required	because	its	



















Another	well-developed	strategy	 in	 the	desymmetrization	of	 symmetric	alkenyl	
nucleophiles	 is	 through	 asymmetric	 palladium-catalyzed	 Heck	 reactions.30	 In	 efforts	
towards	the	synthesis	of	(+)-vernolepin	3.57,	Shibisaki	and	co-workers	developed	the	first	
desymmetrization	 of	 symmetric	 dienes	 by	 a	 Heck	 reaction.31	 cis-Decalin	 3.56	 was	
obtained	in	92%	ee	and	51%	yield	after	palladium-cyclization	of	diene	3.55	in	the	presence	





Ph [(coe)2RhCl]2 (2.5 mol%)
L3.11 (5 mol%)
AgBF4 (5 mol%)


















































been	 explored,	 and	 in	 recent	 years	 has	 been	 applied	 to	 the	 desymmetrization	 of	
substituted	 pentenes.	 In	 2013,	 Zhou	 and	 co-workers	 developed	 a	 Pd-catalyzed	
desymmetrization	 of	 substituted	 cyclopentenes	 such	 as	 3.50	 via	 hydroarylation	 of	
aryltriflates	with	spirobiindane	ligand	L3.13	(Scheme	3.14,	eq.	1).	The	desymmetrization	
results	 in	 exclusive	 formation	 of	 the	 trans-cyclopentene	3.60.34	 This	 asymmetric	Heck	
reaction	 can	 also	 be	 applied	 to	 the	 hydroarylation	 of	 bicyclic	 alkenes	 such	 as	
norbornadiene	with	aryl	triflates.		





























The	 use	 of	 aryldiazonium	 salts	 is	 popular	 in	 Heck	 reactions	 due	 to	 their	 rapid	
oxidative	 addition	 to	 palladium(0)	 to	 yield	 cationic	 palladium	 complexes.	 These	
electrophiles	were	first	used	by	Matsuda	and	co-workers.35	Correia	and	co-workers	have	
had	success	 in	 the	application	of	 these	electrophiles	 in	 the	desymmetrization	of	cyclic	
alkenes.	Hydroarylation	of	hydroxypentene	3.61	 in	 the	presence	of	catalytic	Pd(0)	and	
PyOx	 ligand	L3.14	 in	a	 toluene	methanol	mixture	yields	desired	3.63	 in	high	yield	and	
enantioselectivity	(Scheme	3.14,	eq.	2).36	Unlike	the	example	by	Zhou	and	co-workers,	the	
free-hydroxyl	group	in	3.61	directs	the	catalyst	to	one	p-	face	in	the	arylation	resulting	in	



















Though	 Suzuki	 cross-coupling	 reactions	 are	 prevalent	 in	 the	 literature,	 the	
desymmetrization	of	symmetric	bis(boron)	nucleophiles	via	cross-coupling	are	rare.	The	
first	 example	 of	 this	 type	 of	 reaction	 was	 developed	 by	 Shibasaki	 and	 co-workers	 in	
1998.38	 Bis(alkylborane)	 3.67,	 generated	 in	 situ	 by	 hydroboration,	 was	 converted	 to	
exocyclic	pentene	3.68	via	asymmetric	palladium	catalyzed	cross-coupling	(Scheme	3.15,	






























































workers	 have	 demonstrated	 that	 symmetric	 geminal	 bis(boronate)	 3.69	 can	 undergo	
palladium-catalyzed	 asymmetric	 cross-coupling	 with	 aryl	 iodides	 in	 the	 presence	 of	














In	 an	 effort	 to	 expand	 upon	 the	 desymmetrization	 of	 geminal	 bis(boronates)	
previously	 reported	by	our	group	 (vide	 supra),	we	considered	 that	a	1,3-bis(boronate)	
could	participate	in	a	similar	desymmetrizing	Suzuki	coupling.	The	utility	of	this	reaction	










thf, 40 °C, 12 h






























































coupling	 occurs,	 therefore	 a	 broad	 range	 of	 functionalized	 tertiary	 and	 quaternary	
stereocenters	could	be	formed	with	the	same	fundamental	reaction	(Scheme	3.16,	eq.	1).	
Previous	Morken	group	member,	Dr.	 Lichao	Fang,	worked	on	 the	development	of	 this	
desymmetrization.	 After	 significant	 optimization,	 the	 best	 results	 for	 the	 Pd-catalyzed	
desymmetrization	 of	 3.80	 were	 obtained	 using	 (R)-L3.10	 (Scheme	 3.11)	 with	 sodium	















1. Pd(OAc)2 (10 mol%)
(R)-L3.10 (12 mol %)
NaOH (3 equiv.)
dioxane/H2O
80 °C, 15 h


























boronate	 nucleophiles	 is	 known	 to	 be	 difficult,	 often	 requiring	 alkoxide	 bases	 for	
activation.41	This	is	not	the	case	for	the	cross-coupling	of	geminal	or	vicinal	bis(boronates),	
where	 cross-coupling	 can	 be	 performed	 at	 room	 temperature.	 In	 this	 case,	
transmetalation	 is	 facilitated	 by	 the	 adjacent	 boron,	 which	 can	 stabilize	 the	 Pd-alkyl	
complex	after	transmetalation,	a	feature	which	is	not	present	in	the	cross-coupling	of	1,3-
bis(boronates).42		
Though	 the	desymmetrization	of	1,3-bis(nucleophiles)	 failed	 to	be	effective	we	
were	still	interested	in	developing	a	desymmetrization	which	would	allow	formation	of	
diverse	 stereocenters.	 We	 predicted	 that	 this	 type	 of	 transformation	 could	 be	

























M = MgX, ZnX, BR2, SnR3







electrophiles	 is	 less	 developed,	 but	 these	 types	 of	 reactions	 can	 be	 used	 to	 form	

























In	1967,	 the	 first	example	of	a	 transition-metal	mediated	cross-coupling	of	an	
unactivated	alkyl	halide	was	presented	by	E.	J.	Corey.47	Though	the	exact	mechanism	was	
not	 known,	 iodide	 3.83	 was	 efficiently	 transformed	 to	 3.85	 in	 the	 presence	 of	





It	 would	 be	 over	 20	 years	 before	 a	 catalytic	 nickel-catalyzed	 Kumada-Corriu	
coupling	of	alkyl	iodides	was	developed	by	Scott	and	co-workers.48	Ni(dppf)Cl2	was	used	






























Knochel	 and	 co-workers	 have	 demonstrated,	 on	 several	 occasions,	 that	 the	
nickel-catalyzed	Negishi	cross-coupling	of	simple	alkyl	electrophiles	can	be	facilitated	by	































intermediates	 as	 cyclopropyl	 bromide	 3.99	 does	 not	 ring-open	 under	 the	 reaction	

















no additive: 20% y
with PhCOMe: 71% y
(1)





























thf, 0 °C, 3 h
C14H30
isoprene (1 equiv.): 92% y






























workers	 found	 that	 catalytic	 Ni(cod)2	 with	 bathophenanthroline	 ligand	 L3.19	 was	
effective	for	the	cross-coupling	of	secondary	or	primary	alkyl	halides	with	unsaturated	
boronic	 acids	 (Scheme	 3.23,	 eq.	 1).55	 A	 few	 years	 later	 the	 same	 group	 developed	 a	








electrophiles	with	nickel-catalysts,	 palladium	has	primarily	been	used	as	 a	 catalyst	 for	
these	coupling	partners.		
	




































































process.	 Fu	 and	 co-workers	 were	 later	 able	 to	 extend	 this	 method	 to	 include	 alkyl	
bromides,	 alkyl	 tosylates	 and	 alkyl	 chlorides	 (Scheme	 3.24,	 eq.	 2).59	 The	 reaction	 is	












































































Copper	 has	 seen	 significant	 use	 as	 a	 catalyst	 for	 the	 cross-coupling	 of	 alkyl	
electrophiles65	 and	 in	 recent	 years	 has	 even	 been	 applied	 in	 difficult	 sp3-sp3	 cross-
couplings	 of	 hindered	 systems.	 In	 2011,	 Liu	 and	 co-workers	 developed	 a	Cu-catalyzed	
Suzuki-Miyaura	 coupling	of	alkyl	halides	 and	pseudohalides.	Both	aryl	boronate	esters	





the	 case	 then	 cyclopentyl	 3.116	 would	 likely	 form	 during	 cross-coupling	 by	 radical	
cyclization.		
	










A	 year	 later,	 the	 Liu	 group	developed	a	Cu-catalyzed	Kumada	 coupling	with	 a	
significantly	 expanded	 scope	 using	 TMEDA	 as	 a	 ligand.67	 This	 cross-coupling	 can	 be	
performed	to	build	very	hindered	C-C	bonds	 from	tertiary	nucleophiles	and	secondary	


















































the	 cross-coupling	 of	 alkyl	 tosylates	 and	 halides	 with	 hindered	 nucleophiles	 at	 room	
temperature	 (Scheme	 3.27,	 eq.	 1).	 Performing	 the	 cross-coupling	 on	 an	 electrophile	
containing	a	radical	clock	yielded	no	products	derived	from	radical	intermediates	and	only	
direct	cross-coupling	product	3.125	(Scheme	3.27,	eq.	2).	In	accord	with	previous	reports	
on	 Cu-catalyzed	 cross-coupling	 reactions	 of	 alkyl	 halides,	 this	 reaction	 is	 proposed	 to	
proceed	via	an	SN2	mechanism.		











































cross-coupling	 reactions	which	 efficiently	 engage	 alkyl	 halides	 and	 pseudohalides,	 we	





We	predicted	 that	 the	 choice	of	 electrophile	would	be	extremely	 important	 in	
allowing	for	a	highly	selective	asymmetric	cross-coupling	reaction.	Though	a	majority	of	
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We	 expected	 that	 a	 highly	 enantioselective	 cross-coupling	 of	 a	 prochiral	
bis(electrophile)	 would	 be	 most	 likely	 to	 result	 from	 a	 controlled	 SN2-type	 oxidative	





Transition-metal	 catalyzed	cross-coupling	 reactions	 that	 can	be	applied	 to	alkyl	
pseudohalides	such	as	mesylates	and	tosylates,	have	been	proposed	to	proceed	via	SN2	
type	 mechanisms	 (vide	 supra).70	 In	 addition	 to	 the	 examples	 previously	 described	
involving	mesylates	 and	 tosylates,	 Sharpless	 and	 co-workers	 demonstrated	 that	 cyclic	
sulfate	 3.138	 can	 engage	 in	 cross-coupling	 with	 benzyl	 magnesium	 chloride	 in	 the	















1. Li2CuCl4 (1 mol%)
thf, −78 °C, 2 h i-PrO2C CO2i-Pr
HO
2. H2SO4 aq.












activation.	 In	addition,	 cyclic	 sulfates	 should	not	be	prone	 to	bis(coupling),	due	 to	 the	
attenuated	reactivity	of	the	remaining	C-O	bond	after	initial	coupling.	The	cyclic	nature	of	
the	prochiral	sulfate	will	also	help	by	likely	limiting	the	number	of	conformational	isomers	
















































































Our	 initial	 efforts	 to	 develop	 an	 efficient	 desymmetrization	 of	 cyclic	 sulfates	
focused	on	the	development	of	an	asymmetric	copper-catalyzed	cross-coupling.		Copper	












                                                
73	Eno,	M.	S.;	Lu,	A.;	Morken,	J.	P.	J.	Am.	Chem.	Soc.	2016,	138,	7824.	
74	Ramirez-Contreras,	R.;	Morandi,	B.	Org.	Lett.	2016,	18,	3718.	
1. CuCl (3.0 mol%)
thf, rt, 14 h
2. H2SO4 (20%, aq)














PhMgBr,	 we	 began	 to	 examine	 chiral	 ligands	 in	 this	 system.	 Unfortunately,	 after	
investigating	 an	 array	 of	 chiral	 ligand	 scaffolds	 none	 gave	 appreciable	 levels	 of	
enantioinduction	(Table	3.2).	75			










In	 terms	 of	 reactivity,	 the	 best	 results	 were	 obtained	 with	 TADDOL-derived	
phosphoramidite	ligand	L3.26,	where	2%	ee	of	product	was	obtained	with	the	(R,R)-L3.26	
and	 -1.5%	ee	 obtained	with	 (S,S)-L3.26.	 The	 opposing	 ratios	 indicate	 that	 the	 level	 of	






















































1. CuCl (3.0 mol%)
thf, rt, 14 h
2. H2SO4 (20%, aq)



















46% y (R,R)-L3.26:  2% ee, 60% y
(S,S)-L3.26:  -1.5% ee, 62% y
0% ee 0% ee 0% ee
a Reactions employed 0.3 mmol of 3.145.  b yield of purified product. c enantiomer ratios were determined 












could	 be	 due	 poor	 copper-ligand	 complexation	 and	 oxidative	 addition	 occurs	 with	 a	
ligand-free	copper	species.	Since	a	ligand	scaffold	able	to	give	high	enantioselectivities	in	












interaction	 prior	 to	 b-hydride	 elimination	 is	 often	 significantly	 higher	 in	 nickel	 than	
palladium,	resulting	in	slower	b-hydride	elimination	for	nickel	complexes.77	Nickel	is	also	






other	advantages	of	nickel,	 in	 some	cases,	 is	 that	 several	different	 catalytic	 cycles	are	






radical	 species.	 As	 a	 lead	 experiment,	 cyclic	 sulfate	 3.145	 was	 treated	 with	 phenyl	
magnesium	 bromide	 3.150,	 Ni(cod)2	 and	 isoprene	 (Table	 3.3,	 entry	 1)	 at	 0°C	 in	
tetrahydrofuran.	 The	 cyclic	 sulfate	 underwent	 efficient	 cross-coupling	 and	 after	 acid	
hydrolysis	alcohol	3.81	was	obtained	in	78%	yield.	Similar	to	what	Kambe	and	co-workers	
observed,	 the	 reaction	 is	 much	 less	 efficient	 without	 the	 use	 of	 isoprene	 or	 diene	
additives	(entry	2).	However,	the	use	of	phosphine	modified	nickel	catalysts	did	lead	to	
low	 isolated	yields	of	 the	desired	product	under	 the	reaction	conditions	 (entries	4,	5).	




















































4 Ni(PPh3)2Cl2 62% 29%
5 Ni(dppe)2Cl2 85% 22%
isoprene (10 mol%)






	 The	 rest	 of	 the	 ligand	 screen	 was	 focused	 on	 other	 bidentate	 and	 tridentate	
nitrogen	 based	 ligands	 with	 Ni(cod)2	 pre-catalyst,	 to	 learn	 if	 synthetically	 useful	
enantioselectivities	 could	 be	 observed	 (Table	 3.5).	 Changing	 the	 substituent	 on	 the	
oxazoline	 ring	 of	 the	 PyBox	 ligand	 to	 aliphatic	 groups	 (L3.31,	 L3.37-L3.39)	 led	 to	
significantly	diminished	selectivities	even	with	bulky	groups,	such	as	t-Bu	(L3.39).	These	
results	 indicate	 that	 the	 aromatic	 rings	 on	 the	 oxazoline	 are	 important	 for	 a	 highly	
selective	 reaction.	 It	 is	 also	 apparent	 that	 the	 position	 of	 the	 aromatic	 ring	 is	 highly	
important,	evident	by	indane	PyBox	L3.40	and	benzyl	PyBox	3.41	which	both	led	to	nearly	








a Reactions employed 0.3 mmol of 3.145.  b yield of purified product. c enantiomer ratios were determined 


































































































L3.38: R = i-Pr
L3.39: R = t-Bu
L3.31: R = Ph










a Reactions employed 0.3 mmol of 3.145.  b yield of purified product. c enantiomer ratios were determined 




































































































amino	 acid	 derivatives,	 such	 as	 Jacobsen’s	 catalytic	 asymmetric	 Strecker	 synthesis	
































method A method B













convergent	 method	 to	 the	 prepare	 amino	 alcohols	 where	 the	 diversity	 element	 is	
installed	 in	a	 late	stage.	Ellman	and	co-workers84	 	have	developed	a	number	of	highly	
diastereoselective	 additions	 of	 nucleophiles	 to	 N-tert-butanesulfinyl	 imines,	 including	






This	 reaction	 proceeds	 via	 six-membered	 cyclic	 transition	 state	 3.163	 with	 Mg	
coordination	to	both	the	sulfinyl	oxygen	and	oxygen	of	the	aldimine,	resulting	in	excellent	






Ar TMSCN, MeOH, toluene














1. H2SO4, HCl, 44-68 h
2. NaOH, NaHCO3





















































































































a yield of purified product. b enantiomer ratios were 











of	3.81	were	due	 to	 incomplete	hydrolysis	of	3.151	 to	 the	desired	alcohol.	 If	 the	acid	
hydrolysis	is	stopped	after	6	h,	alcohol	3.81	is	isolated	in	64%	yield	along	with	sulfate	half	
ester	3.164	in	17%	yield	(Table	3.8,	entry	1).	When	the	acid	hydrolysis	was	left	for	24	h	















rt, 2 -24 h3.150
entry yielda erb[Ni]











a yield of purified product. b enantiomer ratios were 













did	 not	 furnish	 any	 of	 the	 desired	 product.	 To	 our	 delight,	 performing	 the	
desymmetrization	of	3.145	with	Ni(acac)2	at	lowered	temperature	(	-25	°C)	resulted	in	a	
highly	 selective	 reaction	 (Scheme	3.36).	Decreasing	 the	 temperature	 further	 to	 -50	°C	
gave	 no	 improvement	 in	 enantioselectivity	 and	 very	 low	 conversion	 after	 24	 h.	With	
effective	control	over	the	enantioselectivity	and	yield	of	the	desymmetrization,	the	scope	
of	the	nucleophile	was	investigated.		









































occurs	 prior	 to	 transmetalation	 (3.165	 and	 3.166)	 and	 is	 proposed	 to	 be	 the	
stereochemistry	determining	step.		
	





























	We	 had	 briefly	 investigated	 at	 the	 use	 of	 different	 Grignard	 reagents	 in	 the	
desymmetrization	with	L3.31.	We	predicted	that	 the	nature	of	 the	aromatic	Grignard	
































	 Having	 made	 very	 little	 change	 in	 the	 steric	 and	 electronic	 nature	 of	 the	
nucleophile	the	drop	in	selectivity	was	surprising.	We	were	interested	in	determining	if	
the	drop	 in	enantioselectivity	 is	a	consequence	of	a	different	Grignard	 reagent	or	had	
something	to	do	with	formation	of	3.171,	which	had	not	been	observed	during	screening.				
An	 important	 difference	 between	 the	 Grignard	 reagents	 3.169	 and	 3.150	 is	 their	
sources.	 	 PhMgBr	 used	 during	 screening	 was	 purchased	 from	 Aldrich	 and	 3.169	 was	
prepared	as	noted	above.	Perhaps	the	use	of	an	“aged”	Grignard	reagent	was	important	
for	avoiding	byproduct	formation	and	promoting	a	highly	selective	reaction.	To	test	this,	
3.150	 was	 synthesized	 by	 Mg	 insertion	 (Scheme	 3.38,	 eq.	 1)	 and	 used	 in	 the	
desymmetrization	reaction	the	same	day	(Table	3.9,	entry	2).	In	a	second	experiment	the	



































1. Ni(cod)2 (3.0 mol%)
thf, 0 °C, 15 h

























1. Ni(cod)2 (3.0 mol%)
thf, 0 °C, 15 h


































then	 lead	 to	 racemic	product	3.81	 and	an	overall	decrease	 in	enantioselectivity	 in	 the	
reaction	(Scheme	3.40,	eq.	1).	In	order	to	test	this	hypothesis,	alkyl	bromide	3.173	was	
synthesized	 and	 subjected	 to	 the	 reaction	 conditions	 developed	 for	 the	
desymmetrization.	 Unfortunately,	 none	 of	 the	 desired	 cross-coupled	 product	 was	
observed	 (Scheme	 3.40,	 eq.	 2).	 Alkyl	 bromide	 3.173	 is	 not	 a	 perfect	 model	 for	
intermediate	3.172	and	perhaps	the	sulfate	group	aids	 in	the	cross-coupling.	This	 idea	











−25 °C, 15 h
OH
Me










	 Through	 the	 series	 of	 experiments	 above,	 we	 have	 shown	 that	 a	 possible	
explanation	 for	 diminished	 enantioselectivity	 in	 the	 desymmetrization	 with	 unaged	
Grignard	reagents	is	due	to	a	magnesium	bromide	opening	of	3.145	followed	by	Kumada	
coupling.	We	cannot	rule	out	other	possibilities	such	as	Lewis	acid	activation	of	the	cyclic	
sulfate	by	MgBr2,	which	alters	the	transition	state.	 	At	this	point	 it	 is	known	that	for	a	
highly	 selective	 reaction,	 the	 Grignard	 reagent	 must	 sit	 to	 allow	 precipitation	 of	
magnesium	salts	before	use.		
With	the	aging	process	in	mind,	we	moved	forward	to	investigating	the	scope	of	the	
nucleophiles	 in	 the	 optimized	 desymmetrization	 with	 L3.56	 (Table	 3.10).	 Using	 the	
optimized	 nucleophile	 preparation,	 p-tolylmagnesium	 bromide	 furnishes	 the	 desired	


















 Ni(cod)2 (3.0 mol%)




















1H-NMR yield:  20 % 32 % 40 %
1. Ni(cod)2 (3.0 mol%)
thf, 0 °C, 15 h



























optimized	 conditions	 at	 -25	 °C,	 and	 at	 slightly	 higher	 temperatures	 lead	 to	 low	






















































3.81 3.170 3.179 3.180
3.181 3.182 3.183 3.184
3.185 3.186 3.187b 3.188b
















Reactions employed 0.3 mmol of cyclic sulfate and 1.5 equiv of ArMgBr in thf. Results are an average of 
two experiments. Yield represents isolated yield after purification by silica gel chromatography. Enantiomer 
































1. Ni(cod)2 (3.0 mol%)
thf, 0 °C, 15 h


























Having	 extended	 the	 desymmetrization	 method	 to	 include	 various	 aromatic	
Grignard	reagents,	our	 focus	turned	to	extending	the	reactions	to	cyclic	sulfates	other	
than	3.145.	Several	substituted	cyclic	sulfates	were	synthesized	and	subjected	to	cross-
coupling	 with	 PhMgBr	 (Table	 3.11).	 The	 desymmetrization	 proceeded	 smoothly	 with	
cyclic	 sulfates	 bearing	 larger	 alkyl	 substituents,	 maintaining	 high	 yields	 and	
enantioselectivity	(3.191,	3.192).	Cyclic	sulfates	bearing	pendant	aromatic	rings	furnished	
the	 desired	 product	 under	 the	 reaction	 conditions	 with	 moderate	 levels	 of	
enantioselectivity	and	yield	(3.193,	3.194).	Even	cyclic	sulfates	with	a	protected	alcohol	
















































Reactions employed 0.3 mmol of cyclic sulfate and 1.5 equiv of ArMgBr in thf. Results are an 
average of two experiments. Yield represents isolated yield after purification by silica gel 
chromatography. Enantiomer ratios were determined by SFC analysis on chiral stationary 
phase.
284
to	 undergo	 a	 variety	 of	 substitution	 reactions	with	 sulfides	 and	 amines.88	 Though	 the	
enantioselectivity	of	the	large	scale	coupling	is	slightly	diminished,	this	could	be	resolved	
by	a	slower	addition	of	the	aromatic	Grignard	reagent.	To	demonstrate	the	utility	of	the	
product	 formed	 by	 the	 desymmetrization,	 alcohol	 3.180	 was	 transformed	 in	 to	





















carbon	stereocenters	and	 in	order	 to	demonstrate	 the	utility	of	 this	method	we	were	
interested	 in	 using	 the	 desymmetrization	 to	 access	 heteroatom	 and	 quaternary	
stereocenters.	 Protected-alcohol	 containing	 cyclic	 sulfate	 3.197	 engaged	 in	 the	
asymmetric	 Kumada	 coupling	 affording	 monoprotected	 diol	 3.198	 in	 good	 yield	 with	










0 °C to rt, 3 h






























Unfortunately,	 extension	of	 the	asymmetric	Kumada	 coupling	 to	 cyclic	 sulfates	
containing	 sensitive	 functional	 groups	 or	 other	 heteroatoms	 is	 hindered	 by	 the	 harsh	
oxidant	 used	 in	 the	 synthesis	 of	 the	 cyclic	 sulfates.	 	 The	 synthesis	 of	 cyclic	 sulfates	 is	




can	 transform	 3.144	 to	 3.145	 including	 potassium	 permanganate91,	 calcium	
permanganate,92	and	sulfuryl	dichloride.93	These	reagents	are	all	harsh	oxidants	and	in	































































































































3.47,	 B).	 Perhaps,	 upon	 oxidation,	 an	 irreversible	 intramolecular	 ring-opening	 occurs	
which	prohibits	isolation	of	the	desired	cyclic	sulfate	(Scheme	3.47,	C).		
	












































possible,	 then	 the	 asymmetric	 Kumada	 coupling	 developed	would	 result	 in	 important	
enantioenriched	unnatural	phenylalanine	derivatives.			





































the	 inability	 to	 access	 the	 precursor	 diols.99	 	 However,	 commercially	 available	
difluorinated	diol	3.217	was	used	to	synthesize	cyclic	sulfate	3.218.	Unfortunately,	cyclic	






To	 expand	 the	 current	 scope	 of	 the	 Ni-catalyzed	 desymmetrization	 of	 cyclic	
sulfates,	new	methods	to	synthesize	cyclic	sulfates	under	milder	conditions	from	different	
precursors	need	to	be	developed.	Until	then,	the	true	scope	of	the	cross-coupling	method	
cannot	 be	 fully	 realized.	 However,	 in	 order	 to	 diversify	 the	 products	 obtained	 in	 the	

















1. Ni(cod)2 (6.0 mol%)
thf, 0 °C, 15 h
2 .H2SO4 (aq. 20%)
rt, 24 h









Initial	 efforts	 to	 employ	 different	 types	 of	 nucleophiles	 were	 aimed	 at	 the	 cross-
coupling	of	vinyl	Grignard	reagents,	due	to	their	similarity	in	structure	to	ArMgBr	and	their	
synthetic	 utility.	 Nickel-catalyzed	 desymmetrization	 of	 3.145	 with	 vinylmagnesium	
bromide	3.219	 in	 the	presence	of	 (S)-L3.31	 in	 tetrahydrofuran	at	0	°C	resulted	 in	84%	
conversion	 of	 the	 cyclic	 sulfate	 (Scheme	 3.49).	 However	 significant	 amounts	 of	
brominated	 byproduct	 3.171	 were	 observed	 and	 the	 desired	 product	 3.220	 was	





















1. Ni(cod)2 (3.0 mol%)
thf, 0 °C, 15 h















(Scheme	 3.50,	 eq.	 1).101	 However,	 if	 alkyl	 nucleophiles	 were	 implemented	 in	 the	
asymmetric	Kumada	coupling,	this	would	be	a	catalytic	enantioselective	method	to	access	
products	 like	 3.228.	 	 These	 types	 of	 products	 are	 still	 commonly	 synthesized	 via	

















3.221 rt, 24 h
MgBr
3.222





















Our	 investigation	 into	 the	 use	 of	 aliphatic	 Grignard	 reagents	 began	 by	 subjecting	
phenyl	substituted	cyclic	sulfate	3.229	 to	nickel-catalyzed	cross-coupling	with	Grignard	

























































The	byproducts	of	 the	 reaction	 included	3.233,	which	 is	 presumably	 formed	by	b-
hydride	elimination	after	 transmetalation	of	 the	Grignard	reagent	to	nickel.	Undesired	
alcohol	3.232	could	be	formed	through	one	of	two	pathways.	Since	b-hydride	elimination	
appeared	 to	 occur,	 the	 Ni-hydride	 formed	 could	 oxidatively	 add	 to	 the	 cyclic	 sulfate;	
subsequent	reductive	elimination	would	yield	the	reduced	cyclic	sulfate	3.236	and	3.232	
upon	 acid	 hydrolysis	 (Scheme	 3.52,	 eq.	 1).	 Related	 to	 this,	 the	 	 palladium-catalyzed	
reduction	 of	 alkyl	 electrophiles	with	 EtMgBr	 as	 a	 hydride	 source	 has	 been	 previously	
developed	and	is	proposed	to	occur	via	the	pathway	describe	in	Scheme	3.52,	eq.	1.103	
The	 other	 proposed	 pathway	 to	 obtain	 reduced	 product	 3.232	 	 involves	 initial	 ring-












1. Ni(cod)2 (6.0 mol%)

































likely	 formed	exclusively	via	magnesium	bromide	exchange	 (Scheme	3.52,	 eq.	 2).	 This	

















































































Kumada	 coupling	 of	 cyclic	 sulfates	 proceeds	 through	 a	 Ni(0)/Ni(II)	 cycle,	 in	 which	
intermediate	 carbon-centered	 radicals	do	not	appear	 to	be	present.	However,	 several	
nickel-catalyzed	 cross-couplings	 of	 non-activated	 alkyl	 halides	 under	 very	 similar	



























































































































3.256,	 hydrogenation	 of	d-3.257	 resulted	 in	 a	 racemic	mixture	 of	 diastereometrically-
enriched	d-3.258	(Scheme	3.57,	eq.	2).	This	diastereomer	of	product	would	be	the	result	


























































occurs	 with	 retention	 of	 configuration.	 	With	 authentic	 products	 for	 comparison,	 Ni-
catalyzed	 cross-coupling	 of	 d-3.254	 in	 the	 presence	 of	 (R,R)-L3.56	 was	 performed	


























bromides	 typically	 used	 in	 Ni-catalyzed	 cross-couplings	 involving	 carbon-centered	
                                                
110	Ding,	L.;	Zheng,	W.;	Wang,	X.	J.	Phys.	Chem.	A.	2015,	119,	3488.		
PhMgBr (1.5 equiv.)
thf , −25 °C, 14h
2. H2SO4 (20%, aq)











D Pd/C (10 mol %)












D DTBSO PhMgBr (1.0 equiv.)












1. Ni(acac)2 (3 mol %)













Ni(0)/Ni(II)	 cycle	 with	 transmetalation	 occurring	 after	 oxidative	 addition.	 Specifically,	
though	the	brominated	byproduct	formation	has	been	suppressed,	the	electronic	nature	







does	 not	 typically	 proceed	without	 the	 intermediacy	 of	 a	Ni(II)	 species,	 but	 has	 been	
previously	proposed	in	cross-coupling	reactions.111	 In	this	mechanism,	the	Ni(I)	species	
3.260	 could	 be	 formed	 after	 transmetalation	 to	 a	 Ni(I)-X	 formed	 through	 a	
comproportionation	of	a	Ni(0)	and	Ni(II)	species.112	We	also	propose	that	the	cyclic	sulfate	
reacts	in	the	conformation	in	which	the	substituent	is	in	the	axial	position	(3.141).	This	
proposal	 is	because,	one	would	predict	 that	 increasing	 the	 steric	bulk	adjacent	 to	 the	
reactive	site	of	an	SN2-type	reaction	would	lead	to	changes	in	rate	and	enantioselectivity.	









This	 is	not	 the	case	 in	 the	asymmetric	Kumada	coupling	developed	as	 i-Pr	and	methyl	













































































3.81 3.181 3.81 3.192
305
(Scheme	 3.59).113	 The	 authors	 propose	 bis(allyl)Ni(II)	 3.264	 species	 as	 a	 catalytic	
intermediate	 formed	 from	oxidative	 cyclization	of	 two	butadiene	molecules	 to	a	Ni(0)	
species.	 Transmetalation	 of	 the	Grignard	 reagent	 to	 the	Ni(II)	 yields	 anionic	 nickelate	
species	3.265.	The	high	electron	density	of	3.265	allows	it	to	be	a	very	active	catalyst	for	
the	oxidative	addition	to	unactivated	alkyl	electrophiles.	After	oxidative	addition,	which	






	 The	 above	 Ni(II)/Ni(IV)	 mechanism	 cannot	 be	 directly	 applied	 to	 the	
desymmetrization	of	cyclic	 sulfates	because	we	have	not	added	dienes,	but	perhaps	a	

























In	 this	 case	a	 traditional	oxidative	addition/reductive	elimination	would	not	occur	but	






















































































































revealed	 that	 this	 reaction	 likely	 proceeds	 by	 an	 SN2	 oxidative	 addition	 without	




couplings	 of	 alkyl	 electrophiles	 which	 is	 proposed	 to	 not	 proceed	 via	 radical	
intermediates.		Ideally,	with	future	efforts	in	development	of	a	desymmetrization	with	
non-Grignard	reagent	nucleophiles	and	efforts	 into	the	development	of	mild	methods	












500	 (500	 MHz)	 or	 Varian	 Gemini-600	 (600	 MHz)	 spectrometer.	 Chemical	 shifts	 are	
reported	in	ppm	with	the	solvent	resonance	as	the	internal	standard	(CDCl3:	7.26	ppm,	




spectra	were	 recorded	on	 a	Varian	Gemini-500	 (125	MHz)	 or	 Varian	Gemini-600	 (151	
MHz)	 spectrometer	with	 complete	 proton	decoupling.	 Chemical	 shifts	 are	 reported	 in	
ppm	with	the	solvent	resonance	as	the	internal	standard	(CDCl3:	77.0	ppm,	CD3OD:	49.2	
ppm).	Infrared	(IR)	spectra	were	recorded	on	a	Burker	alpha	spectrophotometer,	νmax	cm-
1.	Bands	are	 characterized	as	broad	 (br),	 strong	 (s),	medium	 (m),	 and	weak	 (w).	High-
resolution	 mass	 spectrometry	 (DART-TOF)	 was	 performed	 at	 the	 Mass	 Spectrometry	
Facility,	Boston	College.	
	
Liquid	 Chromatography	 was	 performed	 using	 forced	 flow	 (flash	
chromatography)	on	silica	gel	(SiO2,	230×450	Mesh)	purchased	from	Silicycle.	Thin	Layer	
310
Chromatography	 was	 performed	 on	 25	 μm	 silica	 gel	 plates	 purchased	 from	 Silicycle.	
Visualization	was	performed	using	ultraviolet	 light	 (254	nm),	potassium	permanganate	
(KMnO4)	 in	water,	 or	 phosphomolybdic	 acid	 (PMA)	 in	 ethanol.	Optical	 rotations	were	









chloride	 was	 purchased	 from	 Alfa,	 sodium(meta)periodate,	 2-methyl-1,3-propanediol,	
pyridine-2,6-carbonitrile,	 Montmorillonite	 K	 10,	 and	 (S)-Roche	 ester	 were	 purchased	
from	 Aldrich.	 Other	 1,3-diols	 were	 obtained	 after	 reduction	 of	 the	 corresponding	
malonate	 with	 LiAlH4.117	 Ruthenium(III)	 chloride	 hydrate,	 (S)-(-)-2-methyl-2-
propanesulfinamide,	and	 (R)-(+)-	2-methyl-2-propanesulfinamide	were	purchased	 from	
Combi-Blocks.	 Nickel(II)	 acetylacetonate	 and	 methanol	 (99.9%,	 extra	 dry),	 and	
hydrochloric	 acid	 (4	 N	 in	 1,4-dioxane)	 were	 purchased	 from	 Acros	 Organics.	 Bis(1,5-
cyclooctadiene)nickel(0)	 was	 purchased	 from	 Strem	 Chemicals,	 Inc.	 Dess-Martin	



















































sulfinamide	 (SI-1):	 Prepared	 according	 to	 the	 literature	 procedure	 with	 slight	
modification.1	To	a	solution	of	imine	(3.79	g,	13.4	mmol)	in	toluene	(0.2	M)	at	-78	°C	was	





layers	 were	 dried	 over	 anhydrous	 sodium	 sulfate,	 filtered,	 and	 concentrated	 under	














	(R)-2-Amino-2-(3,5-diethylphenyl)ethan-1-ol	 (SI-2):	 To	 an	 oven	 dried	 100	 mL	 round	
bottom	flask	with	stir	bar	containing	a	solution	of	SI-1	(5.30	g,	12.7	mmol)	in	methanol	
(25	mL)	under	nitrogen	was	added	4M	HCl	in	1,4-dioxane	(31.75	mL,	127	mL)	dropwise.	
































Dimethyl	 pyridine-2,6-bis(carbimidate)	 (SI-3):	 Prepared	 according	 to	 the	 literature	
procedure	 with	 slight	 modification.119	 To	 an	 oven	 dried	 50	 mL	 round	 bottom	 flask	
equipped	with	magnetic	 stir	 bar	 in	 a	 dry	 box	 under	 an	 argon	 atmosphere	was	 added	
sodium	methoxide	(52	mg,	0.97	mmol).	The	reaction	flask	was	sealed	with	septa,	removed	






































144.9,	 146.8,	 163.2;	 HRMS-(DART-TOF)	 for	 C31H36N3O2	 [M+H]:	 calculated:	 482.28075,	
found:	482.28240.	[α]22D	=	186.02	(c	=	0.470,	CHCl3).		



































solution	 followed	by	water.	 The	 organic	 layer	was	 then	 dried	 over	 anhydrous	 sodium	
sulfate,	 filtered	 and	 concentrated	by	 rotary	 evaporation.	 The	 crude	product	was	 then	
dissolved	in	CH2Cl2	(0.5M),	MeCN,	and	water	(1:1:2)	and	cooled	to	0	°C.	To	this	solution	
was	added	 ruthenium	chloride	hydrate	 (3	mol%)	and	 sodium	periodate	 (1.5	equiv.)	 in	
portions.	 The	 solution	was	 then	 allowed	 to	warm	 to	 room	 temperature	 and	 stir	 until	















over	 anhydrous	 sodium	 sulfate,	 filtered	 and	 concentrated	 by	 rotary	 evaporation.	 The	
crude	reaction	product	was	purified	by	silica	gel	chromatography	or	crystallization.		
	
5-Methyl-1,3,2-dioxathiane	 2,2-dioxide.	 Prepared	 according	 to	 the	 general	
procedure	 using	 2-methyl-1,3-propanediol	 (2.7	 mL,	 30.0	 mmol).	 The	 crude	









	5-Ethyl-1,3,2-dioxathiane	 2,2-dioxide.	 Prepared	 according	 to	 the	 general	














875	 (s),	773	 (m)	 cm-1;	HRMS-(DART-TOF)	 for	C5H11O4S1	 [M+H]:	 calculated:	167.03780,	
found:	167.03761.		
	
	5-Isopropyl-1,3,2-dioxathiane	 2,2-dioxide.	 Prepared	 according	 to	 the	
literature	procedure	using	 2-isopropylpropane-1,3-diol	 (700	mg,	 5.93	mmol).	








































































































Ni(acac)2 (3.0 mol %)
(R,R)-L5 (3.3 mol %)















and	 cooled	 to	 -78	 °C	 in	 dry	 ice/acetone	 bath.	 The	 Grignard	 reagent	 (1.0	 M	 in	




An	oven	dried	 2-dram	vial	 equipped	with	 a	magnetic	 sir	 bar	 open	 to	 air	was	 charged	


































































































																									Racemic		 	 	 	 	 																				Reaction	Product		
	




	(S)-2-Benzyl-3-methylbutan-1-ol.	 Prepared	 according	 to	 the	 general	
procedure	A	with	5-isopropyl-1,3,2-dioxathiane	2,2-dioxide	(SI-5)	and	

























	(S)-2,3-Diphenylpropan-1-ol.	 Prepared	 according	 to	 the	 general	
procedure	 A	 with	 5-phenyl-1,3,2-dioxathiane	 2,2-dioxide	 (SI-6)	 and	

































































(R)-2-Benzyl-3-(benzyloxy)propan-1-ol.	 Prepared	 according	 to	 the	
general	 procedure	 A	 with	 5-((benzyloxy)methyl)-1,3,2-dioxathiane	
2,2-dioxide	 (SI-8)	 and	 phenyl	 magnesium	 bromide.	 The	 crude	 reaction	 mixture	 was	


















						Racemic	 	 							 																							Reaction	Product		
		





(R)-2-Methyl-3-(p-tolyl)propan-1-ol.	 Prepared	 according	 to	 the	
general	 procedure	 A	 with	 5-methyl-1,3,2-dioxathiane	 2,2-dioxide	





























(R)-2-Methyl-3-(m-tolyl)propan-1-ol.	 Prepared	 according	 to	 the	
general	procedure	A	with	5-phenethyl-1,3,2-dioxathiane	2,2-dioxide	






























according	 to	 the	 general	 procedure	 A	 with	 5-methyl-1,3,2-
dioxathiane	 2,2-dioxide	 and	 (4-(tert-butyl)phenyl)magnesium	
bromide.	 The	 crude	 reaction	 mixture	 was	 purified	 by	 silica	 gel	 chromatography	 (4:1	





	 	 The	 enantioselectivity	 was	 determined	 by	 SFC	 analysis	 of	 the	 title	
compound	in	comparison	to	racemic	material.	Racemic	material	was	prepared	using	CuCl	













































































according	 to	 the	 general	 procedure	 A	 with	 5-methyl-1,3,2-














	 	 The	 enantioselectivity	 was	 determined	 by	 SFC	 analysis	 of	 the	 title	
compound	in	comparison	to	racemic	material.	Racemic	material	was	prepared	using	CuCl	












and	 (4-fluorophenyl)magnesium	 bromide,	 with	 increased	 catalyst	 loading	 Ni(acac)2	 (6	





































according	 to	 the	 general	 procedure	 A	 with	 5-methyl-1,3,2-

























































according	 to	 the	 general	 procedure	 A	 with	 5-phenethyl-1,3,2-
dioxathiane	 2,2-dioxide	 and	 (4-(1H-pyrrol-1-





























according	 to	 the	 general	 procedure	 A	 with	 5-phenethyl-1,3,2-
dioxathiane	 2,2-dioxide	 and	 (1-methyl-1H-indol-5-yl)magnesium	
bromide.	 The	 crude	 reaction	 mixture	 was	 purified	 by	 silica	 gel	 chromatography	 (5:1	




























	(R)-2-(Benzyloxy)-3-phenylpropan-1-ol.	 Prepared	 according	 to	 the	








	 The	 enantioselectivity	 was	 determined	 by	 SFC	 analysis	 of	 the	 title	 compound	
compared	to	racemic	material.	Analogous	racemic	material	was	prepared	using	CuCl	(3	
































0°C to rt, 3 hOMe
352
°C	 in	 (CF3)2CHOH	 (1.0	 mL)	 was	 added	 Montmorillonite	 K10	 (80	 mg)	 and	
[bis(trifluoroacetoxy)iodo]benzene	(72.2	mg,	0.17	mmol).	Stirring	was	continued	for	2	h	
at	 rt.	 The	 solution	 was	 then	 filtered	 and	 concentrated	 in	 vacuo.	 The	 crude	 reaction	
































	(R)-2-Methyl-3-phenylpropyl	 hydrogen	 sulfate.	 Prepared	
according	to	the	general	cross-coupling	procedure	with	isolation	of	











































to	 yield	 a	 crude	 solid,	 which	 was	 suspended	 in	 diethyl	 ether	 and	 washed	 with	 the	
following:	6M	HCl	(10	mL),	saturated	sodium	bicarbonate	(10	mL),	and	water	(10	mL).	The	





















Ni(acac)2 (3.0 mol %)
(R,R)-L3 (3.3 mol %)




















































































(w),	 1255	 (m),	 835	 (s)	 cm-1;	 HRMS-(DART-TOF)	 for	 C10H22DO2Si	 [M+H]:	 calculated:	
204.15301,	found:	204.15401.	[α]22D	=	26.720	(c	=	0.925,	CHCl3).	



















cooled	 to	 –	 78	 °C	 before	 (R)-alpine	 borane	 (0.5	M	 in	 THF,	 6.6	mL,	 3.29	mmol)	 added	
dropwise.	The	solution	was	allowed	to	warm	to	room	temperature	and	stir	for	24	h	before	
quenching	with	 saturated	 ammonium	 chloride.	 The	 solution	was	 then	 extracted	with	
dichloromethane	 (5	mL	 x	 3).	 The	organic	 layers	were	 combined	dried	over	 anhydrous	
sodium	sulfate,	filtered	and	concentrated	by	rotary	evaporation.	The	crude	material	was	
then	dissolved	in	THF	(2.2	mL)	and	tetrabutylammonium	fluoride	(1.0	M	in	THF,	2.5	mL,	
2.5	mmol)	 added.	 The	 solution	was	 then	allowed	 to	 stir	 for	 2	h	 at	 room	 temperature	
before	concentrating	under	reduced	pressure.	The	crude	product	was	purified	by	silica	
gel	chromatography	 (1:1	diethyl	ether:	ethyl	acetate)	 to	yield	 the	 title	compound	as	a	












THF, rt, 24 h
TBAF





















(2R,3R)-2-Methyl-3-phenylpropan-3-d-1-ol.	 Prepared	 according	 to	 the	 general	 cross-




























Ni(acac)2 (3.0 mol %)
(R,R)-L5 (3.3 mol %)













































D Pd/C (10 mol %)
























































































range	 of	 transformations,	 making	 them	 a	 powerful	 tool	 in	 synthesis.1	 A	 majority	 of	
organoboron	compounds	are	easy	to	handle,	stable	and	synthesized	from	cheap,	readily	
available	materials.	Simple	organoboronate	esters	can	undergo	oxidation2,	amination3,	




















Additionally,	 if	 the	 organoboron	 is	 adjacent	 to	 an	 alkene,	 these	 allylborons	 can	















































via	 stoichiometric	 allylmetal	 additions	 to	 boron-containing	 electrophiles,9	 or	 through	
homologation	of	vinylboronates.10	These	methods	have	several	drawbacks:	they	the	use	




















More	 recently,	 Hoveyda	 and	 co-workers	 have	 developed	 a	 tungsten-based	 olefin	




























[W] cat. (pin)B G (3)
415
Though	the	above	metal-catalyzed	substitution	methods	are	very	useful,	another	
strategy	 to	 access	 allylboronates	 is	 the	 difunctionalization	 of	 unsaturated	 systems	
through	hydroboration14	or	diboration.15	In	1989,	Suzuki	and	co-workers	demonstrated	
the	Pd-catalyzed	hydroboration	of	1,3-butadienes	with	catecholborane	(Scheme	4.3,	eq.	
1).16	 This	 is	 an	 efficient	 strategy	 for	 the	 hydroboration	 of	 2-substituted	 or	 2,3-
disubstituted	butadienes,	but	the	method	fails	for	terminally	substituted	dienes.	In	2010,	


























a	 non-phosphine	 ligated	 platinium,	 Pt(dba)2,	 resulted	 in	 a	 complete	 reversal	 in	







R R' Pd(PPh3)4 (1.5 mol%)



























to	 influence	 the	 regioselectivity	of	 the	 reaction.	 Thus	one	would	expect	 that	with	 the	
correct	choice	of	chiral	ligand	both	enantioselectivity	and	regioselectivity	of	the	process	
could	 be	 controlled.20	 The	 products	 could	 then	 be	 used	 in	 stereospecific	 allylation	
reactions	with	carbonyl	compounds.	Over	a	decade	after	the	development	of	the	Miyaura	
diboration,	Morken	and	co-workers	presented	the	platinum-catalyzed	enantioselective	











































	The	 mechanism	 for	 the	 platinum-catalyzed	 1,4-diboration	 of	 1,3-dienes	 is	
proposed	to	proceed	via	coordination	of	the	diene	to	a	platinum	bis(boryl)	complex	(4.13,	
Scheme	 4.6,	 eq.	 1)	 with	 the	 diene	 in	 the	 S-cis	 conformation.	 After	 a	 1,4-migratory	










R Pt(dba)3 (3 mol%)
L4.1 (6 mol%)
+ B2(pin)2
tol., 60 °C, 12 h







up to 99:1 er




tol., 60 °C, 12 h








up to 98:2 er






















are	 two	possible	 transition	states	 for	 the	allylation	 (Scheme	4.7),	and	these	reactions		





































	Since	 the	 above	 described	 asymmetric	 1,2-diboration	 of	 1,3-dienes	 results	 in	
similar	 enantioenriched	 a-substituted	 allylboronates,	 these	 motifs	 should	 undergo	
similar	allylations	with	carbonyl	compounds	with	high	chirality	transfer.	This	is	the	case	





















































B(pin) CH2Cl2, 12 h
























71% y 66%y 72% y
94:6 er 96:4  er 94:6 er

































	Morken	 and	 co-workers	 were	 later	 able	 to	 take	 advantage	 of	 this	 double	
allylation.26	If	the	flask	is	charged	with	a	1,4-dicarbonyl,	rather	than	a	monoaldehyde,	a	
double	 allylation	 can	 take	 place	 and	 lead	 to	 the	 construction	 of	 useful	 1,4-
cyclohexanediols	 in	 high	 yield,	 diastereo-	 and	 enantioselectivities	 (Table	 4.2).	 In	 the	
examples	 shown,	 the	 diastereoselectivity	 refers	 to	 the	 alcohol	 stereocenters	 as	 cis	 or	
trans	 with	 the	 major	 product	 shown.	 An	 interesting	 feature	 of	 the	 reaction	 is	 that	








Pt(dba)3 (3 mol %)
B2(pin)2 (1.05 equiv.)
(1.0 equiv.)
60 °C, 24 h
(R,R)-L4.2 (3.6 mol %)




























































a diastereoselectivity was determined by 1H-NMR analysis. benantioselectivity was deteremined 
by SFC on chiral stationary phase. cyield represents the yield of the isolate mixture of 









































The	 tandem	 diene	 diboration/double	 allylation	 of	 dicarbonyls	 is	 a	 fairly	 broad	





of	 reaction	could	allow	 for	a	more	general	method.	Aside	 from	allylations	of	 carbonyl	
compounds,	allyl	boronates	can	also	be	used	in	metal-catalyzed	cross-coupling	reactions.	














































Pd-catalyzed	 Suzuki	 cross-coupling	 reactions	 are	 prevalent	 in	 the	 context	 of	
synthesis,	 due	 to	 the	 ability	 to	 easily	 form	 new	 carbon-carbon	 bonds	 from	 stable	





































coupling	 to	 include	 allylboronate	 esters,	 the	 authors	 discovered	 that	 cross-coupling	
could	take	place	favorably	over	the	Heck	pathway.	Treatment	of	allylboronate	ester	4.1	
with	 iodobenzene	 in	 the	 presence	 of	 triethyl	 amine,	 palladium	 acetate	 and	
triphenylphosphine	gave	a	mixture	of	products	with	 a	 small	 amount	of	 allyl	 benzene	















100 °C, 25 h, MeCN























as	 nucleophiles	 in	 cross-coupling	 reactions.	 Kotha	 disclosed	 improvements	 upon	 the	
method	developed	by	Hallberg	in	2005.30	Employing	a	range	of	aryl	iodides	and	bromides	







Substituted	 allylboronic	 acids	 also	 started	 seeing	 use	 at	 this	 time	 in	
regiocontrolled	 cross-coupling	 reactions.	 Miyaura	 and	 co-workers	 presented	 a	 g-
selective	cross-coupling	of	allyltrifluoroborates	and	aryl	electrophiles	(Scheme	4.14,	eq.	
1).31	After	a	ligand	investigation	it	was	found	that	wider	bite	angle	ligands	such	as	dppp	
and	 dppf	 	 gave	 the	 highest	 g/a-product	 ratios.	 More	 electron-rich	 ligands	 gave	 the	
highest	 yields,	 leading	 to	 D-t-BPF	 as	 the	 optimal	 ligand.	 The	 authors	 proposed	 that	










reflux, 24 h, thf
Ar







	 In	 the	 same	 year,	 another	 g-selective	 cross-coupling	 of	 allylboronic	 acids	 was	
disclosed	by	Szabo,33	however,	the	authors	 in	this	case	propose	a	distinct	mechanism	
that	 leads	 to	 the	observed	 regioselectivty.	 In	 traditional	 allylic	 substitution	 reactions,	
with	 allylic	 electrophiles,	 the	 reaction	 proceeds	 through	 an	 (h3-allyl)palladium	
intermediate	in	which	an	outersphere	attack	of	a	nucleophile	occurs	at	the	less	hindered	





























































In	2013,	Buchwald	discovered	an	orthogonal	 set	of	 catalyst	 systems	 that	 could	














































C(sp2)	 electrophiles	 with	 allylboron	 nucleophiles.	 There	 are	 several	 examples	 of	
intramolecular	variants	of	this	type	of	coupling	with	allylsilanes36,	and	allylstannanes;37	
however,	there	is	only	one	example	empoying	allylboron	nucleophiles.	In	2014,	Morken	
and	 co-workers	 described	 an	 asymmetric	 intramolecular	 allyl-aryl	 cross-coupling	 to	
furnish	enantioenriched	carbocycles.38	Allylboronic	pincol	esters	tethered	to	aryl	halides	











































The	 above	 described	 examples	 indicate	 that	 a	 similar	 palladium-catalyzed	











(R,R)-L4.6 (7 mol %)
CsF (3 equiv.)












































The	 proposed	 asymmetric	 diboration/allylation/cross-coupling	 (DACC)	 would	
allow	 one	 to	 quickly	 build	 up	 complexity	 from	 readily	 available	 dienes.	 The	 proposed	
products	 of	 the	method	would	map	on	 to	 a	 number	 of	 structurally	 diverse	 terpenoid	
natural	 products	 (Scheme	 4.19)40,	 which	 can	 be	 used	 as	 medicines,	 fragrances,	 and	



























We	 began	 our	 reaction	 development	 by	 conducting	 the	 DACC	 sequence	 with	
geraniol-derived	diene	4.31	 and	aldehyde	4.65	 (Scheme	4.20),	expecting	 to	 form	a	 six	










































































60 °C, 24 h
Pd(dppf)Cl2 (5 mol %)





(R,R)-L4.2 (3.6 mol %)




















When	 changing	 the	 electrophile	 to	 2-bromobenzaldehyde	 4.68,	 significant	
amounts	of	protodeboronation	was	observed,	along	with	low	diastereoselectivity	slightly	
favoring	 the	anti-configuration.	Switching	 to	cesium	fluoride,	an	anhydrous	weak	base	









60 °C, 24 h





entry base solvent temp. isolated yield
3 KOH toluene 40°C 30%
2 KOH toluene 60°C 40%
1 KOH toluene 80°C 59%
10:1 dr
4.67
(R,R)-L4.2 (3.6 mol %)




6 NaOH THF 60°C 51%
4 KOH THF 60°C 53%
5 KOH 1,4-dioxane 60°C trace




We	 predicted	 that	 changes	 in	 the	 ligand	 structure	 could	 influence	 the	
diastereoselectivity	 of	 the	 reaction	 and	 therefore	 screened	 several	 bidentate	 and	
monodentate	ligands	(Table	4.4).	Since	the	reaction	sequence	is	a	one-pot	operation,	we	
needed	 to	 learn	 if	 the	 (R,R)-L4.2	 ligand	 from	 the	 asymmetric	 diboration	 step	 was	
influencing	 the	 selectivity	 of	 the	 cross-coupling	 step.	 Thus,	 with	 Pd(OAc)2	 and	 no	
exogenous	ligand,	the	cross-coupling	step	did	not	proceed	(entry	1).	Next	the	effect	of	
the	exogenous	ligands	were	studied.	Increasing	the	steric	bulk	of	the	bidentate	ligand	only	
improved	 the	 diastereoselectivity	 slightly	 (entry	 2,	 3),	 and	 simple	 monodentate	
phosphine	ligands	failed	to	increase	the	selectivity	to	synthetically	useful	levels	(entry	4,	
5).	 Improvements	 in	diastereoselectivity	were	not	observed	until	biaryl	Buchwald-type	









Pt(dba)3 (3 mol %)
B2(pin)2 (1.05 equiv.)
(1.0 equiv.)
60 °C, 24 h
Pd(OAc)2 (5 mol %)
65 °C, 6h, thf
4.69
(R,R)-L4.2 (3.6 mol %)













with	 the	 ipso-carbon	 of	 the	 bottom	 aromatic	 ring,	 promoting	 reductive	 elimination.45	















Pt(dba)3 (3 mol %)
B2(pin)2 (1.05 equiv.)
(1.0 equiv.)
60 °C, 24 h
Pd(OAc)2 (5 mol %)
entry ligand dra isolated yield
1 none -- < 5%
3 D-t-BPF 1.7:1 54%
5 PPh3 2:1 62%
6 JohnPhos 4.5:1 48%
4 PCy3 1.7:1 54%
7 XPhos 7:1 69%
2 dppf 1:1.2 52%
4.69
(R,R)-L4.2 (3.6 mol %)









8 RuPhos 3:1 74%










65 °C, 6h, thf
4.31
440
investigated	 (Table	 4.5).	 Changing	 to	 nerol-derived	 diene	 4.32,	 led	 to	 lower	
diastereoselectivity	than	the	reaction	employing	the	geraniol-derived	diene	4.31	(entry	1	
vs.	 2).	 We	 were	 excited	 to	 see	 that	 in	 addition	 to	 the	 aryl	 electrophiles,	 alkenyl	
electrophiles	are	also	competent	cross-coupling	partners	 (entry	4-6).	We	were	able	 to	























































































Reactions were preformed witih 0.5 mmol of diene. Yields and diastereomer ratios are the average of 
two experiments. a diastereomer ratios were determined by 1H-NMR.
R2
R1 Pt(dba)3 (3 mol %)
B2(pin)2 (1.05 equiv.)
(1.0 equiv.)
60 °C, 14 h
Pd(OAc)2 (5 mol %)
thf, 65 °C, 14 h
(R,R)-L4.2 (3.6 mol %)





















isolated	 reaction	 (Table	 4.6).	 During	 a	 survey	 of	 different	 ligands,	 we	 found	 that	
Buchwald-type	ligands	still	lead	to	lower	diastereoselectivities	(entry	1-3).	Very	sterically	
encumbered	monodentate	ligands	such	as	CataCXium	A	and	P(o-tol)3	(entry	5-8),	lead	to	






Pt(dba)3 (3 mol %)
B2(pin)2 (1.05 equiv.)
(1.0 equiv.)
60 °C, 14 h
(R,R)-L4.2 (3.6 mol %)
































thf, 65 °C, 14 h
CsF (3 equiv.)
entry ligand dra 1H-NMR yieldb
1 Xphos 1.8:1 23%
3 BrettPhos 2.6:1 17%
5 P(i-Bu)3 1:1.2 14%
6 P(n-Bu)3 1:1.3 11%
4 P(t-Bu)3 6.2:1 40%
7 P(o-tol)3 1.2:1 14%
2 t-BuXPhos 1.5:1 25%
8 CataCXium A 1:2 16%
a diastereomer ratios were determined by 1H-NMR.b 1H-NMR 




















expansion	 and	 ring	 contraction	 reactions.46	 In	 addition	 to	 their	 use	 as	 synthetic	

















Pt(dba)3 (3 mol %)
B2(pin)2 (1.05 equiv.)
(1.0 equiv.)
60 °C, 14 h
Pd(OAc)2 (5 mol %)
thf, 65 °C, 14 h
(R,R)-L4.2 (3.6 mol %)











Pt(dba)3 (3 mol %)
B2(pin)2 (1.05 equiv.)
(1.1 equiv.)
60 °C, 14 h
(R,R)-L4.2 (3.6 mol %)













Pd(OAc)2 (5 mol %)














yields	 (Table	 4.7).This	 is	 likely	 due	 to	 the	 fact	 that	 the	 aldehyde	 is	 more	 sterically	
encumbered	 with	 the	 a-bromide.	 We	 were	 also	 pleased	 to	 see	 that	 the	 desired	
cyclobutenol	was	formed	selectively	with	no	trace	of	the	a-product	(Scheme	4.24).	It	is	
important	to	note	that	unlike	the	5-	and	6-membered	ring	derivatives,	in	this	case,	the	
major	diastereomer	 is	 the	syn-product	 (Table	4.7).	When	 looking	at	 the	effects	of	 the	








































partners	 (Table	 4.8).	 In	 this	 case,	 the	 nerol-derived	 diene	 4.32,	 gave	 higher	
diastereoselectivities	than	the	corresponding	geraniol-derived	diene	4.31	(entry	1	vs	2).	





Pt(dba)3 (3 mol %)
B2(pin)2 (1.05 equiv.)
(1.0 equiv.)
60 °C, 48 h
Pd(OAc)2 (5 mol %)
thf, 65 °C, 14 h















(S,S)-L4.2 (3.6 mol %)









































































Reactions were preformed witih 0.5 mmol of diene. Yields and diastereomer ratios are the average of 
two experiments. a diastereomer ratios were determined by 1H-NMR. b allylation reaction was performed 
with 0.5 equiv. of aldehyde at room temperature.
R2
R1 Pt(dba)3 (3 mol %)
B2(pin)2 (1.05 equiv.)
(1.0 equiv.)
60 °C, 48 h
Pd(OAc)2 (5 mol %)
thf, 65 °C, 14 h
(R,R)-L4.2 (3.6 mol %)











	 In	 efforts	 to	 further	 expand	 the	 scope	 of	 the	 DACC,	 we	 were	 interested	 in	
employing	 electrophiles	 that	would	 furnish	 7-membered	 rings;	 however,	 this	 led	 to	 a	
complex	mixture	of	products	under	a	number	of	different	conditions	(Scheme	4.25,	4.88).	








	 To	 understand	 the	 factors	 that	 influence	 the	 diastereoselectivity	we	must	 first	
determine	the	mechanism	by	which	the	cross-coupling	proceeds.	Szabo	and	co-workers	
proposed	 that	 their	 intermolecular	 allyl-aryl	 cross-coupling	 proceeds	 through	 a	
regioselective	 carbopalladation,	 followed	 by	 b-boryl	 elimination	 to	 yield	 the	 desired	
product	(vide	supra).	However,	previous	studies	in	our	laboratory	on	the	intramolecular	
allyl-aryl	cross-coupling	reveal	that	this	mechanism	is	likely	not	operative	(Scheme	4.26).	


















base	 followed	 by	 transmetalation	 leads	 to	 species	 4.97-4.99.	 These	 species	 can	
interconvert	 via	p-s-p-	 isomerization,	 and	 then	 reductive	 elimination	 occurs	 from	 the	
more	 stable	 diastereomer.	 However,	 we	 cannot	 rule	 out	 the	 possibility	 that	
transmetalation	is	the	stereodefining	step,	followed	by	a	fast	reductive	elimination.	The	




(R,R)-L4.6 (7 mol %)
CsF (3 equiv.)










(R,R)-L4.6 (7 mol %)
CsF (3 equiv.)


































































































4.104,	 and	 then	 performing	 a	 regio-	 and	 diastereoselective	 bromine-promoted	
transannular	cyclization	(Scheme	4.29).	The	precursor	macrocycle	4.104	is	available	in	6	
steps	 from	 geranylgeranylated	 benzoate	 4.103,	 employing	 a	 Sharpless	 asymmetric	
dihydroxylation	 with	 the	 specialized	 Corey-Noe-Lin	 Ligand	 to	 establish	 the	
stereochemistry.52	 After	 extensive	 screening	 it	 was	 found	 that	 Snyder’s	 brominating	
agent	 (bromodiethylsulfonium	 bromopentachloroantimonate,	 BDSB)53	 ,	 was	 able	 to	
convert	macrocycle	4.104	 to	a	mixture	of	products	(Scheme	4.29).	The	majority	of	the	
mixture	 is	elimination	product	4.108.	 The	authors	propose	 that	due	 to	 the	molecule’s	
geometry,	attack	on	the	bromonium	by	the	desired	alkene	is	too	slow	to	compete	with	
loss	 of	 proton	 c.	 Though	 the	 majority	 of	 the	 mixture	 was	 undesired	 4.108,	 desired	
products	 4.106	 and	 4.107	 were	 isolated	 from	 the	 mixture	 in	 13%	 and	 6%	 yields	















We	 envisioned	 that	 our	 newly	 developed	 DACC	 could	 provide	 a	more	 reliable	
synthetic	route	to	these	types	of	scaffolds.	Specifically,	DACC	with	farnesol	derived	diene	
4.114	 and	 aldehyde	4.65	would	 provide	 the	majority	 of	 the	 carbon	 skeleton	 (Scheme	
4.30).	 In	 order	 to	 elaborate	 the	 vinyl	 group	 to	 the	 desired	 benzoate	 we	 considered	
extending	 the	 olefin	 to	 a	 Danishefsky-type	 diene	 4.112	 and	 performing	 a	 Diels-Alder	
reaction	with	ethyl	propiolate.	Chemoselective	dihydroxylation	could	be	achieved	using	a	
Sharpless	 dihydroxylation,	 which	 was	 also	 used	 by	 the	 Krauss	 laboratory.52	 Ideally	






















































































	 Siloxy	 dienes	 (such	 as	 4.115),	 also	 known	 as	 Danishefsky	 dienes,	 have	 found	























































eq.	 1).	 	 The	 proposed	 [4+2]	 cycloaddition	 in	 the	 bromophycolide	 F	 synthesis	 uses	 an	
internal	 siloxy	 diene55	 (4.112)	 and	 an	 alkynyl	 containing	 dienophile56	 (4.111),	 both	 of	
which	have	seen	limited	use	in	Diels-Alder	reaction	(Scheme	4.31,	eq.	2).	In	addition,	the	


























































with	 ethyl	 propiolate	 4.111	 followed	 by	 acidic	 work	 up	 yielded	 4.124	 as	 the	 only	
regioisomer,	albeit	in	low	yield	(Table	4.9,	entry	1).	We	proposed	that	perhaps	due	to	the	








THF, 60 °C, 1 h
i. Et2Zn, toluene
ii.
−78 °C to rt, 12 h
TPAP (5 mol %)
4Å MS
MeCN, rt, 4.5 h
TBSOTf (1.12 equiv.)

































been	 described	 as	 such	 by	 several	 authors	 in	 their	 efforts	 to	 synthesize	 brominated	





















1.5 xylenes, reflux, 4 days 10%
1.5 toluene, reflux, 3 days 44%
6 neat, reflux, 24 h 52%
4.123 4.1244.111
458
conversion	of	 the	alcohol	via	 alkoxyphosphonium	 intermediates	with	 various	bromine	
sources	(Table	4.10,	entries	1-4),	which	resulted	in	either	no	conversion	of	the	alcohol	or	
























CBr4, PPh3, iPr2NEt 50% 4.125
62% 4.128
NBS, PPh3 14% 4.127, 36% 4.128
CBr4, PPh3, iPr2NEt
5 86% 4.125Ts
6 67% 4.128, 20% 4.125Ts





















































TMSBr, Fe(acac)3 (10%), CH2Cl2
3
H PBr3 (1.1 equiv.), Et2O 44%
4
H SOBr2, toluene decomposition
4.129 4.130
a measure by 1H-NMR with 1,3,5-trimethoxybenzene as internal standard
460
desired	product,	we	would	prefer	a	method	that	can	give	a	stereospecific	bromination.	













	 During	 the	 investigation	 of	 the	 model	 substrates,	 we	 began	 to	 develop	 other	
aspects	 of	 the	 bromophycolide	 F	 synthesis.	 Diboration/allylation/cross-coupling	 with	
farnesol-derived	diene	4.114	proceeded	smoothly	to	give	4.125	 in	moderate	yield	and	
high	diastereoselectivity	 (Scheme	4.34).	 It	 is	 important	to	note	that	 the	diastereomers	
can	be	separated	by	silica	gel	column	chromatography.	 In	order	to	elaborate	the	vinyl	
chain	to	the	desired	siloxy	diene,	we	first	needed	to	perform	a	linear	and	chemoselective	



































synthetic	 efforts	 could	 be	 put	 to	 use	with	 a	 different	 target.	 Though	 significant	work	
remains	 to	 complete	 the	 synthesis	 of	 bromophycolide	 F,	we	have	 shown	 that	 a	 [4+2]	
cycloaddition	 with	 proparyl	 dienophiles	 and	 internal	 siloxy	 dienes	 proceeds	 in	 high	
regioselectivity	and	moderate	yield.	Beyond	the	bromination	there	are	several	remaining	
challenges:	 (1)	 regioselective	 macrolactonization,	 (2)	 implementing	 the	 [4+2]	







Pt(dba)3 (3 mol %)
B2(pin)2 (1.05 equiv.)




60 °C, 24 h
Pd(dppf)Cl2 (5 mol %)
KOH (3 equiv.)
60 °C, 12 h, tol
OHMe












76% yRh(CO)2(acac) (1 mol %)
PPh3 (3 mol %)
toluene, 60 °C, 5 h
150 psi CO/H2


















(4.60,	 Scheme	 4.35).	 63	 Unlike	 other	 members	 of	 the	 inodolosesquiterpenoid	 family,	
which	are	 found	as	metabolites	 from	plants	 in	 the	Annanacae	 family,64	 it	was	 isolated	
from	bacteria	in	2012.	Fairly	recently,	another	group	of	xiamycins	(C-E)	were	isolated	from	
a	 different	marine	 bacteria.	 Xiamycins	 (C-E)	 were	 found	 to	 possess	 biological	 activity	
against	 Porcine	 epidemic	 diarrhea	 virus,	 65	 and	 	 xiamycin	 A	 was	 discovered	 to	 be	 a	























Xiamycin C: R = H 






























titanium-catalyzed	 radical	 epoxypolyene	 cyclization	 was	 used	 to	 form	 the	 trans-
decalin	4.139	as	a	single	diastereomer.	After	a	series	of	protections/deprotections,	
oxidation	of	4.140	followed	by	Grignard	addition	 leads	to	the	precursor	4.142.	The	
proposed	 	 6p-electrocyclization/aromatization	 to	 form	 the	 carbazole	 proceeded	
































of	 xiamycin	 A	 was	 formed	 through	 a	 cation-olefin	 cyclization	 of	 4.144,	 which	 is	
synthesized	in	9	steps	from	geraniol.	After	cyclization/deprotection	of	the	carbazole,	
oxidation	of	the	primary	alcohol	to	the	acid	yields	the	desired	xiamycin	A	precursor.	











































































































































	 The	 first	 key	 step	 of	 our	 synthesis	 is	 the	 hydrometallation/cross-coupling	 to	
append	 the	 carbazole,	 as	we	predicted	 that	 a	 hydroboration	 followed	by	 a	 Suzuki	
cross-coupling	would	be	a	feasible	strategy.	In	order	to	test	this,	we	needed	to	first	














































with	 this	 diene	 the	 DACC	 gave	 lower	 diastereoselectivity	 than	 the	 corresponding	
geraniol	derived	diene	4.31.	To	see	 if	 the	selectivity	could	be	further	 improved	we	
surveyed	a	small	set	of	ligands	(Table	4.12).	However,	it	seemed	that	dppf	still	gave	
























4 rac-BINAP < 5% --










60 °C, 24 h
Pd(OAc) (5 mol %)
80 °C, 14 h, tol.
(R,R)-L4.# (3.6 mol %)













faster	 rate	 than	 with	 monosubsituted	 olefins.73	 Indeed,	 performing	 a	 9-BBN	















it	 seemed	 as	 though	 a	 new	 hydroboration	 strategy	 would	 be	 necessary.	 Rh-	 and	 Ir-
cataylzed	hydroboration	with	catecholborane	and	pinacolborane	has	been	demonstrated	
to	be	selective	for	terminal	olefins	over	1,1-disubsituted	olefins.74	We	were	pleased	to	




thf, rt, 2 h HN
Br




Pd(dppf)Cl2 (3 mol %)












thf, rt, 2 h
H2O2










3M NaOH (3 equiv)
Pd(dppf)Cl2 (3 mol %)









dppm (6 mol %)
toluene, 50  °C, 24 h









protected	 carbazole	 4.161	 using	 conditions	 developed	 by	 Marder	 and	 co-workers	






















































Pd2(dba)3 (2 mol %)





















4.151	 failed	 to	 give	 the	 desired	 keto-aldehyde	 and	 lead	 to	 a	 complex	 mixture	 of	
inseparable	products.79	This	was	surprising	because	we	had	previously	 investigated	











































allyl-aryl	 cross-coupling	 step	 of	 a	 sequential	 asymmetric	 diboration/allylation/cross-
coupling	to	access	carbocycles.	We	have	shown	that	two	different	sets	of	conditions	are	
need	 for	 the	 cross-coupling	 depending	 on	 the	 ring	 size.	 To	 furnish	 enantioenriched	
cyclohexenols	 use	 of	 Pd(dppf)Cl2	 with	 KOH	 base	 gives	 the	 highest	 yields	 and	
diastereselectivities.	 To	 furnish	 enantioenriched	 cyclobutenol	 and	 cyclopentenol	 cores	












oxalyl chloride (5 equiv.) 
Et3N (20 equiv.)







oxalyl chloride (5 equiv.) 
Et3N (20 equiv.)



















(Hz).	 Coupling	 constants	 are	 reported	 to	 the	 nearest	 0.5	 Hz.	 13C	 NMR	 spectra	 were	








on	 silica	 gel	 (SiO2,	 230×450	 Mesh)	 purchased	 from	 Silicycle.	 Automated	 column	




light	 (254	 nm),	 potassium	permanganate	 (KMnO4)	 in	water,	 or	 phosphomolybdic	 acid	
(PMA)	 in	 ethanol.	Optical	 rotations	were	measured	 on	 a	 Rudolph	Analytical	 Research	




	 All	 reactions	were	 conducted	 in	oven-	or	 flame-dried	glassware	under	an	 inert	
atmosphere	 of	 nitrogen	 or	 argon,	 unless	 otherwise	 stated.	 Tetrahydrofuran	 (THF),	
toluene,	diethyl	ether	(Et2O)	and	dichloromethane	(DCM)	were	purified	using	a	Pure	Solv	
MD-4	solvent	purification	system	from	Inert	(previously;	Innovative	Technology	Inc.)	by	
passing	 through	 two	 activated	 alumina	 columns	 after	 being	 purged	 with	 argon.	
Bis(pinacolato)diboron	was	obtained	from	Frontier	Scientific	and	recrystallized	from	hot	
pentane	 prior	 to	 use.	 (Z)-penta-1,3-diene	 was	 purchased	 from	 TCI.	 (Z)-2-bromo-3-
phenylacrylaldehyde	was	purchased	 from	Aldrich.	2,3-dibromopropene	was	purchased	
from	AK	 scientific.	 Potassium	 hydroxide	was	 purchased	 from	 Fisher	 Scientific.	 Cesium	
fluoride	 was	 purchased	 from	 Acros.	 [1,1ʹ-
Bis(diphenylphosphino)ferrocene]dichloropalladium(II),	complex	with	dichloromethane	














The	 title	 compound	 was	 prepared	 according	 to	 the	 literature	 procedure	 with	 slight	
modification.	To	a	solution	of	diisopropylamine	(3.95	mL,	28.25	mmol)	in	anhydrous	THF	
(35	mL)	at	0	°C	was	added	n-BuLi	(10.5	mL,	26.25	mmol,	2.5	M	in	hexanes)	dropwise	by	
















Br DIBAL-H (1.05 equiv.)








an	 additional	 14	 h.	 After,	 solvent	 removed	 under	 reduced	 pressure	 followed	 by	 the	







allowed	 to	 warm	 to	 room	 temperature	 and	 stir	 for	 14	 h.	 Solution	 transferred	 to	
separatory	funnel	and	organic	layer	removed,	aqueous	layer	extracted	CH2Cl2	(2	x	30	mL).	
The	organic	 layers	were	combined,	dried	over	anhydrous	 sodium	sulfate,	 filtered,	and	










The	 title	 compound	 was	 prepared	 according	 to	 a	 literature	 procedure	 with	 slight	
modification.83	 Phosphore	 tribromide	 (4.70	 mL,	 50	 mmol)	 was	 added	 dropwise	 to	 a	
solution	of	DMF	(4.67	mL,	60	mmol)	in	dry	CH2Cl2	(15	mL)	at	0	°C.	The	reaction	mixture	
was	stirred	at	0°C,	until	the	mixture	turned	yellow,	followed	by	the	dropwise	addition	of	



































The	 title	 compound	was	prepared	according	 to	 the	 literature	procedure.85	 To	 a	 flame	
dried	round-bottom	flask	with	magnetic	stir	bar	was	charged	with	sodium	iodide	(10.2	g,	

























































































	 The	 title	 compound	 was	 prepared	 according	 to	 the	 literature	 procedure.87	 3-
bromo-6-methoxy-2-methylpyridine	1-oxide	 (1.29	g,	5.9	mmol)	was	dissolved	 in	acetic	
anhydride	 (0.56	mL,	5.9	mmol)	and	heated	to	120	°C	 for	3	h	under	nitrogen.	Reaction	





in	methanol	 (20	mL)	was	 added	 1.0	M	potassium	 carbonate	 (10	mL,	 10.0	mmol),	 the	






















was	 purged	 with	 N2,	 returned	 to	 the	 dry	 box	 and	 charged	 with	 toluene	 (2.5	 mL),	
Pd(dppf)Cl2	(20.4	mg,	0.025	mmol)	and	KOH	(84	mg,	1.5	mmol).	The	vial	was	sealed	with	
a	teflon	septum	cap,	removed	from	the	dry	box,	and	heated	at	80	ºC	for	14	h.	The	crude	













was	 purged	with	N2,	 returned	 to	 the	 dry	 and	 charged	with	 tetrahydrofuran	 (2.5	mL),	
allowed	to	stir	for	2	min	or	until	homogenous.	Then	Pd(OAc)2	(5.6	mg,	0.025	mmol),	XPhos	
(11.9	mg,	0.025	mmol),	 and	CsF	 (228	mg,	1.5	mmol)	 added	 sequentially.	 The	vial	was	
sealed	with	a	teflon	septum	cap,	removed	from	the	dry	box,	and	heated	at	65	°C	in	an	oil	
bath	at	maximum	stir	rate	for	16	h.		NOTE:	the	reaction	forms	an	intractable	gum	easily,	









vinylcyclohexan-1-ol.	 Synthesized	 according	 to	 the	 general	






































































































































Synthesized	 according	 to	 the	 general	 procedure	 B	 with	
allylidenecyclohexane	(61	mg,	0.50	mmol)	and	2-bromobenzaldehyde	































mmol)	 and	 (Z)-3-bromo-4,4-dimethylpent-2-enal	 SI-2	 (96	 mg,	 0.50	 mmol).	 	 Reaction	






















procedure	 B	 with	 (E)-4,8-dimethylnona-1,3,7-triene	 (75	 mg,	
0.50	mmol)	and	(Z)-3-bromo-3-phenylacrylaldehyde	SI-3	(116	mg,	0.50	mmol).		Reaction	

































procedure	B	with	 (E)-4,8-dimethylnona-1,3,7-triene	 (75	mg,	 0.50	
mmol)	and	(Z)-3-iodoacrylaldehyde	SI-4	(0.50	mL,	0.50	mmol,	1.0	M	in	CH2Cl2).		Reaction	
mixture	 was	 purified	 by	 automated	 column	 chromatography	 (50	 g	 column,	 2	 to	 20%	
EtOAc	in	hexanes)	to	yield	the	title	compound	as	a	mixture	of	diastereomers,	light	reddish	

















































cyclopenta[b]pyridin-7-ol	 .	 Synthesized	 according	 to	
the	general	procedure	B	with	(E)-4,8-dimethylnona-1,3,7-triene	(75	mg,	0.50	mmol)	and	




























































the	 general	 procedure	 B	with	 (Z)-4,8-dimethylnona-1,3,7-
triene	(75	mg,	0.50	mmol)	and	(Z)-2-bromo-3-phenylacrylaldehyde	(105	mg,	0.50	mmol),	

























































































to	 the	 general	 procedure	 B	 with	 (Z)-4,8-dimethylnona-
1,3,7-triene	(75	mg,	0.50	mmol)	and	(Z)-2-bromobut-2-enal	(74	mg,	0.50	mmol),	allylation	
allowed	 to	 run	 for	 48	 h.	 	 Reaction	 mixture	 was	 purified	 first	 by	 automated	 column	



























































16	h.	 	Allowed	to	cool,	 then	added	water	 (100	mL)	and	diluted	with	EtOAc.	 	Extracted	



























Quenched	 with	 2	 M	 KOH	 and	 extracted	 three	 times	 with	 DCM.	 	 Dried,	 filtered,	 and	
concentrated	to	a	clear,	colorless	oil.	
Dissolved	the	crude	epoxide	in	ether	(10	mL)	and	added	fast	dropwise	to	a	solution	of	
periodic	acid	(739	mg,	3.24	mmol)	 in	 ice-cold	THF	(5	mL).	 	Stirred	40	min	at	0	°C,	then	
quenched	with	saturated	aqueous	sodium	bicarbonate	and	extracted	three	times	with	
ethyl	acetate.		Dried,	filtered,	and	concentrated	to	a	colorless	suspension.		Redissolved	in	











purified	 by	 automated	 column	 chromatography	 (100	 g	 column,	 2	 to	 20%	 EtOAc	 in	






























84.8,	 74.3,	 56.5,	 47.7,	 32.5,	 32.1,	 25.9,	 23.2,	 21.5,	 18.1,	 1.3,	 –4.3,	 –4.8.	 Minor	












12	h.	 	Diluted	with	100	mL	water,	 then	extracted	 four	 times	with	ether.	 	Washed	 the	
combined	 organic	 layers	 with	 brine	 once,	 then	 dried,	 filtered,	 and	 concentrated	 to	 a	
yellow	oil.		Crude	reaction	mixture	was	purified	by	automated	column	chromatography	
(100	g	column,	4	to	40%	EtOAc	in	hexanes)	to	yield	the	title	compound	as	a	white	solid	
(xx	mg,	xx	mmol,	44%	yield).		Recrystallized	from	ether	in	order	to	obtain	X-ray	diffraction	
data.	[α]21D	=	–	62.578	(c	=	0.905,	CHCl3).	IR	(neat,	cm–1):	3361	(br,	m),	3047	(w),	2924	(m),	
2855	(m),	1503	(s),	1152	(w),	1118	(m),	1038	(s),	937	(w),	788	(w).	1H	NMR	(500	MHz,	
CDCl3):		δ	6.83	(s,	1H),	6.57	(s,	1H),	6.23	(d,	J	=	6.3,	1H),	6.02	(dt,	J	=	5.9,	3.0	Hz,	1H),	5.90	
–	5.87	(m,	2H),	4.15	(d,	J	=	2.6	Hz,	1H),	2.92	–	2.75	(m,	2H),	2.50	(ddd,	J	=	11.6,	3.4,	1.6	Hz,	
509
1H),	2.39	–	2.30	(m,	1H),	2.30	–	2.22	(m,	1H),	2.06	(ddt,	J	=	12.0,	5.9,	2.7	Hz,	1H),	1.96	(td,	
J	=	12.4,	4.3	Hz,	1H),	1.77	–	1.54	(m,	3H),	1.48	(qd,	J	=	11.9,	6.6	Hz,	1H),	1.35	–	1.20	(br	m,	
1H),	0.86	(s,	3H).	13C	NMR	(125	MHz,	CDCl3):	d	145.86,	145.49,	137.41,	133.54,	133.36,	
129.73,	108.88,	105.64,	100.71,	82.59,	77.37,	77.16,	76.95,	54.92,	46.28,	45.00,	36.09,	
30.70,	29.60,	28.33,	26.17,	19.62.	HRMS:	(DART)	calculated	for	C19H21O2	([M+H–H2O]+):	
281.1542,	found:	281.1553	
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